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EXECUTIVE SUMMARY

T1is report presents the annual hydrogeologic evaluation of 20 Resource
Conservation and Recovery Act of 1976 groundwater monitoring projects and
-- -nonhazardrnwastefactlityattheL.S.Deartmento-Energy's Hanford -Site.
Most of the projects no longer receive dangerous waste; a few projects

----contlnue-to-receive dangerous waste constituents for treatment, storage, or
disposal. The 20 RCRA projects comprise 30 waste management units. Ten of
the units are monitored under groundwater quality assessment status because of
elevated levels of indicator parameters. The impact of those units on
groundwater quality, if any, is being investigated. If dangerous waste or
wastie-LcoWItuEntI- -h-a ente --ed -grouw4-er -lIr -concentration,
distribution, and rate of migration are evaluated. Groundwater is monitored
at the other 20 units to detect contamination, should it occur.

This report provides an interpretation of groundwater data collected at
-the waste- management units between October 1992 and September 1993. Recent
groundwater quality is also described for the 100, 200, 300, and 600 Areas and
for-the entire-Hanford-Site. Widespread contaminants include nitrate,
chromium, carbon tetrachloride, tritium, and other radionuclides.
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METRIC CONVERSION CHART

INTO METRIC

If you know Multiply by To get

inches 2.54 centimeters

feet 30.48 centimeters

Volume

gallons 3.786 liters

cubic feet - I.02832 cubic meters

Temperature

*Fahrenheit Subtract 320, then 0Celsius
multiply by 5/9ths

rressure

inches water 1.87 mm Hg

inches water 249 pascal (Pa)

OUT OF METRIC

Length

centimeters 0.3937 Jinches

meters 3.28 feet

Volume

milliliters 1.247 x 10 cubic feet

liters - 0.264 gallons

cuuic meters 35.31 cubic feet

Temperature

"Celsius Multiply by 9/5ths *Fahrenheit
then add 320

Pressure

Wm Hg 0.5353 inches water

pascal (Pa) 4.02 x 10' inches water
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ANNUAL REPORT FOR RCRA GROUNDWATER MONITORING PROJECTS
-AT_ANFORD SITE FACILITIES FOR 1993

1.0 INTRODUCTION

-- J.- HartHIMan
Westinghouse Hanford Company

=Tts report-presets utheazanual vat~llhtion of 20 Resource Conservation
and Recovery -Act of 1976 (RCRA) groundwater monitoring projects and
1 nonhazardous waste facility at the U.S. Department of Energy's (DOE) Hanford
-Site. It-presents-interpretations of-analytical data received -between
December 1992 and Nfvmber 1993. The November 1993 cutoff date represents
results from samples collected through September 30, 1993. These data were
-presented-in the-quarterv repnrtsrfrom-October-19q2>through September 1993
(DOE-RL 1993a, 1993b, 1993c, 1994). The reference list for this chapter
includes a list of all quarterly and annual reports since RCRA groundwater
monitoring began at-the Hanford Site_(Section Ad r2).

DataChem Laboratories performs hazardous chemical analyses; International
Technologies Corporation performs radiochemical analyses. Both contracts are
administrated by Pacific Northwest Laboratory.

The--RCRA projects are monitored under one of three programs:
(1) a background monitoring program, (2) an indicator parameter evaluation
program, or (3) a groundwater quality assessment program. When a groundwater
monitoring system has been installed, a background monitoring program begins.
Samnles and water levels from upgradient monitoring well(s) must be obtained
and analyzed quarterly for_1 year to obtain background data on the quality of
-the groundwater All--of the-RCRAsites-at the Hanford Site have completed
th-er-Iit-iaiatkgounmrnit"rnng pruyrwS-- Back"vtnd- moni tori ng was
-rinstated-at--the3O1-N site fnllowing an assessment program.

After 1 year, the indicator evaluation program commences, and groundwater
samples and water levels must be taken semiannually. Data obtained through
-te 4ndicator-evahatiom prograr am- coMpa-rod Qth--backgraund -data; if a
significant statistic-al change over background has- occurred, a grnindwator
quality assessment-plan must be implemented. Table 1-1 lists all of the RCRA
facilities and waste- management units and-their-monitoring progra bLdLUb.

Figure 1-1 is an index map for locating all of the RCRA facilities on the
Hanford Site.

The constituent -lis for laboratory analypz are established in
accordance with the requirements of 40 Code of Federal Regulations
(CFR) 265.92. The contamination indicator parameters are specified in
40 CFR 265.92(b)(3). The parameters establishing groundwater quality are
specified in 40 CFR 265.92(b)(2). The drinking water standards are required
by_40_CELt265.92(b)(1) and are specified in Appendix III of that chapter.
Site-specific parameters (including radionuclides) are determined from

1-1
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Table 1-1. Status of Hanford Site RCRA Interim-Status Groundwater
Monitoring Projects as of September 30, 1993. (sheet 1 of 3)

1 Program status I
Project

(date initiated) Background
monitoring

Indi cator
parameter
evaluation

GW quality
assessment

Regulatory
requirements

100-0 Ponds X 40 CFR 265.93(d)
(4/92) WAC 173-303-400

183-H Basin X (6/85) Consent Agreement and
(6/85) Compliance Order

1301-N LWDF Xb 40 CFR 265.93(d)
(12/87) WAC 173-303-400

1324-N/NA Pond X (5/89) 40 CFR 265.93(d)
(12/87) Spe cond, WAC 173-303-400

1325-N LWDF X 40 CFR 265.93(b)
(12/87) WAC 173-303-400

GTF 40 CFR 265.93(b)
(8/85) WAC 173-303-400

216-B-3 Pond
(11/88)

216-A-29 Ditch
(11/88)

X (5/90)
TOX

X (6/90)
Spe cond

40 CFR 265.93(d)
WAC 173-303-400

40 CFR 265.93(d)
WAC 173-303-400

216-A-36B Crib X 40 CFR 265.93(b)
(5/88) WAC 173-303-400

216-A-10 Crib X 40 CFR 265.93(b)
(11/88) x WAC 173-303-400

216-B-63 Trench X 40 CFR 265.92(c)
(8/91) WAC 173-303-400

216-S-10 Pond 40 CFR 265.92(c)
(8/91) WAC 173-303-400

216-U-12 Crib X (1/93) 40 CFR 265.93(b)
(9/91) Spe cond WAC 173-303-400

LERF X 40 CFR 265.92(c)
(7/91) WAG 173-303-400

2101-M Pond 40 CFR 265.93(b)
(8/88) WAC 173-303-400

1-2
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Table 1-1. Status of Hanford Site RCRA Interim-Status Groundwater
Monitorinq Projects as of September 30, 1993. (sheet 2 of 3)

Program status
Project Indicator Regulatory

(date initiated) Background parameter GW quality requirements
monitoring evaluation assessment

LLuBz FIA I X (12/89) 40 CFR 265.93(d)
(9/88) Spe cond WAC 173-303-400

iWMA 2

WMA 3 X (12/89)
(10/88) TOX

WMA 4 40 CFR 265,93(b)
(10/88) A WAC 173-303-400

WMA5 I .

(3/921~

.MA A AV
W(I2/9f)A

(2/90)

WMA-C
(2/90)

WMA-S-SX
(10/91)

WMA-T
(2/90)

WMA-TX-TY

(9-10/91)

WMA-U
(10/9)

30 Area Proc
Trenches
.(6/85)

X (7/93)
Spe cond

/(7/93)

Spe cond

- X (6/85)

40 CFR 265.92(c)
WAC 173-303-400

Consent Agreement and
Compliance Order'

1-3
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Table 1-1. Status of Hanford Site RCRA Interim-Status Groundwater
Monitoring Projects as of September 30, 1993. (sheet 3 of 3)

Program status

Project Indicator Regulatory
(date initiated) Background parameter GW quality requirements

monitoring evaluation assessment

NRDWL X 40 CFR 265.93(c)
(10/86) WAC 173-303-400

Note: An X and date in the fourth column indicates the following:
(1) the date that the assessment was initiated and (2) the indicator
parameter that triggered assessment monitoring.

8Ecology and EPA 1986.
bBackground monitoring was reinstated in March 1993.

CFR = Code of Federal Regulations.
GTF =-Grout Treatment Facility.
GW = groundwater.

LERF = Liquid Effluent Retention Facility.
LLBG = Low-Level Burial Grounds.
LWDF = Liquid Waste Disposal Facility.

NRDWL = Nonradioactive Dangerous Waste Landfill.
Spe cond = specific conductance.

SST = single-shell tanks..
IUA - LUtl UrgdniL iiaiugen.

- WAC - Washington Administrative Code.
WMA = Waste Management Area.

evaluation of the waste stream (or source) associated with the facility.
Additional site-specific constituents may be included to aid in tracking
groundwater movement and the influence of other facilities. In some cases, an
Appendix 1X Ist-f constituents (40 CFR 264) is analyzed to establish a
base]ine for future comparisons and analyses.

The Solid Waste Landfill (SWL) is a solid waste disposal facility. It is
not a RCRA site and is not addressed under the Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 1992). The
current operations of the SWL fall under the regulations of Washington
Administrative Code (WAC) 173-304, and a permit application for the facility
under-this regulation has been prepared (DOE-RL 1990). The SWL is included in
this report-because of-uncertainty in-the final regulatory authority for the
site and because of the interest of the Washington State Department of Ecology
(Ecogy}in al--aspects of Hanford Site Uper.t .

The groundwater monitoring programs described in this document comply
with-the following-WAC regulations: (1) "Dangerous Waste Regulations,"
WAC 173-303-400, for hazardous waste; and (2) "Minimum Functional Standards
for Solid Waste Handling," WAC 173-304-490, _for _nnhazardus waste. The

1-4
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projects meet the federal requirements for "Interim Status Standards for
Owners- and Operators of iazardous Waste- Treatment; Storage, and Disposal
Facilities-,-40 CfR 265- Subpart F; and "Criteria for Classification of Solid
Waste Disposal Facilities and Practices," 40 CFR 257, for nonhazardous waste.

40 CFR Part 265.94, "Recordkeeping and Reporting," requires that for
indicator evaluation monitoring projects, concentrations and any changes in
measured parameters for each groundwater monitoring well must be identified,
and the locations of the monitoring wells must be shown to continue to satisfy
regulatory criteria (265.94[a][2]). For assessment level monitoring, a report
of the results of the groundwater quality assessment program must be submitted
annually. The report must include the calculated (or measured) rate of
migration of hazardous waste or hazardous waste constituents in the
groundwater (40 CFR 265.94[b][2]). An annual report for solid waste landfills
is required under WAC 173-304.

This report is organized by geographical area. Chapter 2.0 presents an
overview of Hanford Site hydrogeology. Chapters 3.0, 4.0, 5.0, and 6.0
discuss the 100, 200, 600, and 300 Areas, respectively. Each chapter begins
with a description of the hydrogeologic setting of the area, followed by
sections covering individual RCRA sites. Appendix A provides a brief
description-of the- quality- control program for sample analysis and a summary
of the year's-activities. Appendix--B describes the data evaluation process
and activities during the year. Appendix C provides data tables for
background groundwater quality and methods of statistical evaluation.

-LE,1 subsection describing an individual RCRA site begins with an
overview of the facility, a summary of 1993 RCRA activities, and a summary of
other activities related to the hydrogeology of the site. Next, the sampling
and analysis-program is described, including well locations, the constituent
list,_ andsampling frequency. For sites in- indicator evaluation monitoring, a
section on groundwater chemistry discusses elevated constituents and their
changes with time, and results of statistical evaluations. For sites in
assessment monitoring, the groundwater chemistry section describes
concentration histories of waste constituents and their distribution. For all
sites, the-final-subsections-describe-the-directior-of groundwater flow, the
rate of flow, and an evaluation of the monitoring network.

1.1 REFERENCES

1.i.1 Chapter References

40 CFR 257, "Criteria for Classification of Solid Waste Disposal Facilities
and Practices," Code of Federal Regulations, as amended.

40 CFR 264, "Standards for Owners and Operators of Hazardous Waste Treatment,
Storage, and Disposal Facilities," Code of Federal Regulations,
as amended.

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous
-Waste Treatment, _Storage,and Disposal Facilities," Code of Federal

Regulations, as amended.
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DOE-RL, 1990, Hanford Site Solid Waste Landfill Permit Application,
DOE/RL-90-38, U.S. Department of Energy, Richland Operations Office,
Richland, Washington.

fl0E-RL, 1993a-; Quarterly-Report of-RCRA Groundwater Monitoring Data for Period
LCtnber 1, 1992 through December 31, 1992, DOE/RL-92-26-4,

IIf --- f§n*MaNMzT& yin -- 1 IQ upulQUr at I Ofice,
04tI.n, U ,chinntnn.

DOE-RL, 1993b, Quarterly Report of RCRA Groundwater Monitoring Data for Period
January 1, 1993 through March 31, 1993, DOE/RL-93-56-1, U.S. Department
-ofEnergy; Kichland uperat-oiN ice, RICLand1u, ..ashington.

DOE-RL. 1993c, Quarterly Report of RCRA Groundwater Monitoring Data for Period
Apri--, 1993 -through JuneU3-,-1993- DE/RL-93-56-2- U.S. Department of
Energy, Richiand Operations Office, Richland, Washington.

DOE-RL, 1994, Quarterly Report of RCRA Groundwater Monitoring Data for Period
duby ),9 -tough -September-3D, 1993-, -L-/-6-3, U.S. Department
of Energy, Richland Operations Office, Richland, Washington.

Ecology and EPA, 1986, Consent Agreement and Compliance Order, DE86-133,
PCHB No. 86-44, Washington State Department of Ecology, and theii C nuinnmnr2 Prntrrrnn n.,. Envir.nm.nT I -- cion Agency, Olympia, Washington.

Etcology,--EPA, and DOE,- 1992, Hanford Federal Facility Agreement and Consent
Order, 2 vols., as amended, Washington State Department of Ecology,
U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington.

RestrCosewatir&nd' R&rtvxy A C, 19oI; 42 USf 901 Ct seq.

WAC 173-303, "Dangerous Waste Regulations," Washington Administrative Code,
as amended.

WAC 173-304, "Minimum Functional Standards for Solid Waste Handling,"
Washington Administrative Code, as amended.

1.1.2 RCRA Quarterly and Annual Reports

1.1.2.1 Period 1986.

PNL, 1986, Ground-Water Monitoring Compliance Projects for Hanford Site
Facilities: Progress Report for the Period May 1 to September 30, 1986,
PNL-6466, Pacific Northwest Laboratory, Richland, Washington.

PNL, 1987, Ground-Water Monitoring Compliance Projects for Hanford Site
Facilities: Progress- Report for the Period October 1 to December 31,
1986, 3 vols., PNL-6465, Pacific Northwest Laboratory,
.Richland- Wash.ingtn n
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PNL, 1987a, Ground-Water Monitoring Compliance Projects for Hanford Site
Facilities: Progress Report for the Period January 1 to March 31, 1987,
-3-v-Is PNL-6476, Paciftc Northwest Laboratory, Richland, Washington.

PNL, 1987b, Ground-Water Monitoring Compliance Projects for Hanford Site
Facilities: Progress Report for the Period April 1 to June 30, 1987,
PND-6468, Dacific W[WtNC4s Laboratory, Richland, Washington.

PNL, 1987c, Ground-Water Monitoring Compliance Projects for Hanford Site
Facilities: Progress Report for the Period July 1 to September 30, 1987,
PNL-6469, Pacific Northwest Laboratory, Richland, Washington.

PNL, 1988, Ground-Water Monitoring Compliance Projects for Hanford Site
Facilities: Progress Report for the Period October 1 to December 31,
1987, PNL-6536, Pacific Northwest Laboratory, Richland, Washington.

1.1.2.3 Period 1988.

PNL, 1988a, Ground-Water Monitoring Compliance Projects for Hanford Site
Facilities: Progress Report for the Period January 1 to March 31, 1988,
PNL-6581, Pacific Northwest Laboratory, Richland, Washington.

PUkL 1988b, Ground-Water Monitoring-Compliance Projects for Hanford Site
Facilities: Progress Report for the Period April 1 to June 30, 1988,
PNL-6675, Pacific Northwest Laboratory, Richland, Washington.

Fruland, R. M., D. J. Bates, and R. E. Lundgren, 1989a, Resource Conservation
and Recovery Act-Ground-Water Monitoring Projects for Hanford
Facilities: Progress Report for the Period July 1 to September 30, 1988,
PNL-6789, Pacific Northwest Laboratory, Richland, Washington.

Fruland, JL, 0- J. Bates, and R. E. Lundgren, 1989b, Resource Conservation
and Recovery Act Ground-Water Monitoring Projects for Hanford
Facilities: Progress Report for the Period October 1 to
December 31, 1988, PNL-6844, Pacific Northwest Laboratory,
Richland, Washington.

Fruland, R. M., and R. E. Lundgren, eds., 1989, RCRA Ground-Water Monitoring
Projects for Hanford Facilities: Annual Progress Report for 1988,
PNL-6852, Pacific Northwest Laboratory, Richland, Washington.

1.1.2.4 Period 1989.

Smith, R. M., D. J. Bates, and R. E. Lundgren, 1989a, Resource Conservation
and Recovery Act Ground-Water Monitoring Projects for Hanford
Facilities: Progress Report for the Period January 1 to March 31, 1989,
PNL-6957, Pacific Northwest Laboratory, Richland, Washington.

Smith, R. M., D. J. Bates, and R. E. Lundgren, 1989b, Resource Conservation
and Recovery Act Ground-Water Monitoring Projects for Hanford
Facilities: Progress Report for the Period April 1 to June 30, 1989,
PNt.-7134,- Pacif-ic Northwest Laboratory, Richland, Washington.
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Smith, R -M. D. -J.Bates, and R. F. Lundgren, 1990, Resource Conservation
and Recovery Act Ground-Water Monitoring Projects for Hanford
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Richland, Washington.

Smith, R. M., and W. R. Gorst, eds., 1990, RCRA Ground-Water Monitoring
Projects for Hanford Facilities: Annual Progress Report for-1989,
PNL-6852, Pacific Northwest Laboratory, Richland, Washington.

1.1.2.5 Period 1990.

Lerch, R. E., 1990, Quarterly Report of Resource Conservation and Recovery Act
Groundwater Monitoring Data for Period January 1, 1990 Through
March 31, 1990, (internal letter #9053781 to R. D. Izatt, May 25),
Westinghouse Hanford Company, Richland, Washington.

-DE--RL,- 1990a,-Qu-artarly Report-of-RCRA -Groundwater Monitoring Data for Period
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DOE-RL, 1990b, Quarterly Report of RCRA Groundwater Monitoring Data for Period
July 1, 1990 through September 30,1990, DOE/RL-90-46, U.S. Department

--of Eanv, Richi-and Operations Office,-Rich-and, Washington.

-DOE-RL, 1991a, imrterly Report of RCRA Groundwater Monitoring Data for Period
October 1, 1990 through December 31, 1990, DOE/RL-91-04, U.S. Department
of Energy, Richland Field Office, Ri-chland Washington.

DOE-RL, 1991b, Annual Report for RCRA Groundwater Monitoring Projects at
Hanford Site Facilities for 1990, DOE/RL-91-03, U.S. Department of
Energy, Richland Field Office, Richland, Washington.

-COEAI---1991-a-Quarterly-Report-of- RAm -Groundwater Monitoring Data for Period
iJanuarv 1- 1991 through March 31, 1991. DOE/RL-91-26. U.S. Department

of Energy, Richland Field Office, Richiand, Washington.

DOE-RL-, 1991b, Quarteriy Report of RCRA Groundwater Monitoring Data for Period
April 1, 1991 through June 30, 1991, DOE/RL-91-47, U.S. Department
of Energy, Richland Field Office, Richland, Washington.

DOE-Pt, =199k, Quarterly Report of-RCRA Groundwater Monitoring Data for Period
July 1, 1991 through September 30, 1991, DOE/RL-91-57, U.S. Department
of Energy, Richland Field Office, Richland, Washington.
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DOE-RL, 1992a, Quarterly Report of RCRA Groundwater Monitoring Data for Period
October 1, 1991 through December 31, 1991, DOE/RL-92-26, U.S. Department
of Ener., Richland Field Office, Richland, Washington.

DOE-RL, 1992b1- Annual Report for RCRA Groundwater Monitoring Projects at
Hanford Site Facilities for 1991, DOE/RL-92-03, U.S. Department of
Energy, Richland Field Office, Richland, Washington.

1.1.2.7 Period 1992.

DOE-RL, -1992a, Quarterly Report of RCRA Groundwater Monitoring Data for Period
January 1, 1992 through March 31, 1992, DOE/RL-92-26-1, U.S. Department
of Energy, Richland Field Office, Richland, Washington.

DOE-RL, 1992b, Quarterly Report of RCRA Groundwater Monitoring Data for Period
April 1, 1992 through June 30, 1992, DOE/RL-92-26-2, U.S. Department
bf Energy, Richland Field Office, Richland, Washington.

DOE-RL, 1992c, Quarterly Report of RCRA Groundwater Monitoring Data for Period
July 1, 1992 through September 30, 1992, DOE/RL-92-26-3, U.S. Department
of Energy, Richland Field Office, Richland, Washington.

DOE-RL, 1993a, Quarterly Report-of RCRA -Groundwater Monitoring Data for Period
October 1, 1992 through December 31, 1992, DOE/RL-92-26-4,
U.S. Department of Energy, Richland Operations Office,
Richland, Washington.

DOE-RL, 1993b. Annual Report for RCRA Groundwater Monitoring Projects at
Hanford Site Facilities for 1992, DOE/RL-93-09, U.S. Department of
-Energy, Rich-land Operations Offi-ce, Rictiand-,- Washington.

1.1.2.8 Period 1993.

DOE-Rl, 1993a, Quarterly Report of RCRA Groundwater Monitoring Data for Period
January 1, 1993 through March 31, 1993, OOE/RL-93-56-1, U.S. Department
of Energy, Rich-land Operati-ons--Office, Richland, Washington.

DOE-RL, 1993b, Quarterly Report of RCRA Groundwater Monitoring Data for Period
April 1, 1993 through June 30, 1993, DOE/RL-93-56-2, U.S. Department
-of Energy, Richland Operations Office, Richland, Washington.

DOE-RL, 1994, Quarterly Report of RCRA Groundwater Monitoring Data for Period
July 1, 1993 through September 30, 1993, DOE/RL-93-56-3, U.S. Department
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2.0 HANFORD SITE HYDROGEOLOGY

M. j. Hartman
Westinghouse Hanford Company

Tiffs chaoter-presents--a-summarr of the eoloqy-and--hydro-oqy-of the
Hanford Site. Additional detail is available from Delaney et al. (1991) and
DOE (1988).

2.1 SITE GEOLOGY

The information in this section-is summarized from-Delaney et al. (1991)
no-er sources as noted. The Hanford Site is underlain by Miocene-aged

basalt of the Columbia -River Basalt Group, and late Miocene-to Pleistocene
sediments.

The CoLumbia River Basalt roup comprises an assemblage of tholeiltic,
continental flood basalts that cover an area of more than 160,000 km2

{.3$OO -00mi Sedilnetstf-the-tensburg Formation form interbeds between
basalt flows. The Levey interbed is the uppermost unit of the Ellensburg
formationt s-a tuffaceous-sandt s to& tol--ststo and, a+ th, Hanford
Site, it is found only beneath the 300 Area. The Rattlesnake Ridge interbed
is the shallowest interbed beneath the rest of the Hanford Site. It is up to
33 m (108 ft) thick and includes clay, siltstone, and sandstone.

The suprabasalt sedimentary sequence beneath the Hanford-Site is up to
230=m-O750 ft)=thick. It pinches out against areas where the basalt has been
ijpiifted-.---itelsupraasait-sediments are doinated by-laterally extensive
deposits assigned to the late Miocene to Pliocene-aged Ringold Formation and
the Pleistocene-aged Hanford formation (informal name). The remainder of the
sequence comprises locaulizedstrata assignedto the informanly defined
Plio-Pleistocene unit, early "Palouse" soil, and pre-Missoula gravels.

2-;w Stratgraphy of the Ringold Formation

-xbtndey (1991) describes the Ringold Formation on the basis of sediment
facies associations. The facies associations are summarized as follow:

- Fluvial Gravel Facies--Dominantly clast-supported, granule to cobble
gravel with a sandy m-atrix. Deposited in a gravelly fluvial system
characterized by wide, shallow, shifting channels.

* Fluvial Sand Facies--Quartzo-feldspathic sands, commonly forming
f ining-upwards _sequtencesless than 1 m _3 _ft to several meters
thick. Deposited in wide, shallow channels incised into a muddy
flood plain.

- Overbank Facies--Laminatedto -massive silt, silty-fine-grained -sand,
and paleosols containing variable amounts of CaC03. Deposited in a
flood nlain-
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* Lacustrine Facies--Plane laminated to massive clay with thin silt
and silty sand interbeds. Deposited in a lake under standing water
or deltaic conditions.

The Ringold Formation comprises alternating fine- and coarse-grained,
semi-indurated sediments. Lindsey (1991) designates fluvial sand and gravel-
dominated sequences A (oldest) through E (youngest) (Figure 2-1). Not all of
the fluvial sequences are continuous beneath the Hanford Site.

The lowest Ringold deposits consist of up to 46 m (150 ft) of fluvial
gravel, designated unit A. Unit A is not found in the vicinity of the 300 and
1100 Areas or near the 100-H and 100-F Areas.

The lower mud unit, comprising overbank and lacustrine deposits, lies
over unit A. The lower mud unit is up to 43 m (140 ft) thick.

Fluvial gravel unit 8 lies over the lower mud unit. Unit B is up to 25 m
(82 ft) thick, but is not present beneath the 200 Areas.

Deposits typical of the overbank facies association overlie unit B
throughout the Hanford Site. Where unit B is absent, these overbank deposits
interfinger with the lnwor mil sPnnpnrp

Another fluvial gravel-dominated sequence, unit C, is found in a
relatively narrow linear tract trending northwest to southeast. It is up to
35 m (115 ft) thick near the 100-B/C Area, but it is absent north of the
100-N -andt10-E Areas-- The unit trendsdto the southeast in a linear tract
stretching from east of 200 East Area to near the city of Richland.

Another sequence of overbank deposits overlies unit C. Thin fluvial
sands are present locally.

The uppermost fluvial gravel-dominated sequence in the Ringold Formation,
unit E, is the most widespread of the gravel sequences. Unit E is up to 30 m
(100 ft).thick near the 100-B/C Area, and pinches out north of the 100-D Area
and east of Gable Gap. Laterally equivalent strata near the 100-F and
100-H Areas consist of overbank deposits with minor intercalated fluvial sand.
Unit E is found throughout the Cold Creek syncline, forming a west-thickening
wedge that is 30 to 40 m (98 to 130 ft) thick south and east of 200 East Area,
and 91 m (300 ft) thick south and west of 200 West Area. Near the 300 Area
the overbank deposits beneath unit E are absent and unit E overlies or
t-runcates underlyingude-yrdied sequences (unit C or B).

More interbedded fluvial sand and overbank deposits lie over unit E in
some areas of the Hanford Site. Erosional remnants of these deposits are
found south and east of 200 East Area and near 200 West Area. North of the
100-F and 100-N Areas, fluvial sands pinch out and overbank deposits dominate
the sediments.
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Figure 2-1. Generalized Stratigraphy of the Suprabasalt Sediments
Reaath tfteianfda- Site le1aney et _al_ 1991).
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2.1.2 Post-Ringold, Pre-Hanford Deposits

Thin alluvial deposits between the Hanford and Ringold Formations are
referred-to informally as-the:- (I)-Plo-Pleistocene unit, (2) pre-Missoula
gravels, and (3) early "Palouse" soil.

The Plio-Pleistocene unit is laterally discontinuous and is up to 25 m
(82 ft) thick. It is found in the vicinity of the 200 West Area. Pre-
Missoula gravels, up to 25 m (82 ft) thick, are found east and south of
lOGEastArea.- It ts-unclear'whether-the-pre-Missoula gravels overlie or
interfinger with the early "Palouse" soil and Plio-Pleistocene unit. The
early "Palouse" soil comprises up to 20 m (65 ft) of silt and fine-grained
sand. It is found around the 200 West Area.

2.1.3 Stratigraphy of the Hanford Formation

The Hanford formation consists of gravel-dominated deposits and
sand/silt-dominated deposits. It is up to 64 m (210 ft) thick near the
200 Areas.

The gravel-dominated deposits comprise coarse-grained sand and gravel
with boulders. Matrix commonly is lacking in these gravels. Gravels dominate
the formation in the 100 Areas, the northern part of the 200 East Area, and
the eastern Hanford Site, including the 300 Area. The gravels generally
become finer to the south in the 200 Areas. The gravel-dominated facies of
the Hanford formation were deposited by high-energy glacial flood waters in or
immediately -adjacent-to-the-main cataclysmic flood channels.

The sand/silt-dominated deposits comprise two facies: (1) laminated sand
and (2) rhythmite. The laminated sand facies consists of fine- to coarse-
grained sand that may contain small pebbles or pebble-gravel interbeds less
than 20 cm (8 in.) thick. This facies is common in the 200 Areas. It was
deposited adjacent to main flood channels as it spilled out of the channels.
The rhythmite facies consists of silt and fine- to coarse-grained sand that
commonly display normally graded rhythmites a few centimeters (inches) to tens
of centimeters (inches) thick in outcrop. These sediments were deposited
under slack water conditions and in backflooded areas. The facies is found
within and south of the 200 Areas.

2.1.4 Holocene Surficial Deposits

Holocene surficial deposits form a thin (<5-m [<16-ftJ) veneer across
much of the Hanford Site. The deposits comprise silt, sand, and gravel.

2.1.5 Structural Geology of the Hanford Site

The Hanford Site is located in the Pasco Basin, one of the largest
structural-basins on the Columbi-a Plateau. The- Pasco Basin i-s-di-vi-ded by
the Gabli Mountain anticlitne into _theWahluke and Cold Creek synclines
(Figure 2-2).
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Figure 2-2. Geologic Structure of the Hanford Site (Delaney et al. 1991).
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The Cold Creek syncline is an asymmetric and relatively flat-bottomed
structure. The 200 Areas lie on the northern flank and the bedrock dips
gently to the south of the Cold Creek syncline. The 300 Area lies at the
eastern end of the Cold Creek syncline.

The Wahluke syncline contains the 100 Areas. It is an asymmetric and
relatively flat-bottomed structure similar to the Cold Creek syncline. The
northern limb dipsgently to the south; the steepest limb is adjacent to the
Gable Mountain anticline.

The Umtanum Ridge-Gable Mountain structural trend is a segmented
anticlinal ridge extending in an east-west direction and passing between the
200 and 100 Areas. On the Hanford Site the Umtanum Ridge segment plunges
eastward and joins the Gable Mountain-Gable Butte segment.

2.2 SITE HYDROLOGY

2.2.1 Surface Hydrology

s Pill r# tiated Witt t fAn.ford-Site t tit!
Columbia River and its tributary, the Yakima River. West Lake, about 4 ha
(10 acres) in size and less than I m (3 ft) deep, is the only natural lake on
the Hanford Site.

The Columbia River flows through the northern part and along the eastern
border of the Hanford Site. Flow along this section of the river, which is
called the Hanford Reach, is controlled by Priest Rapids Dam upstream of the
Hanford Site. River stage recorders, consisting of pressure transducers and
data loggers, have recently been installed in the Columbia River at the
100-B/C, 100-N, 100-H, 100-F, and 300 Areas. An older, chart-style recorder
has been operating at the 100-N Area in the past. Figure 2-3 shows the
average weekly river stage for the past year at the 100-B/C, 100-H, 100-F, and
300 Areas. Discharge at Priest Rapids Dam is also illustrated. The river
stage graphs are parallel, with some damping of amplitude further downstream
(e.g., 300 Area).

Riverbank springs have been observed and sampled along the Hanford Reach
-(McCornmack -and -Carl ile 1984; Dirkes 199)-.---Hanford -S-ite-origir-contaminants
have been detected in spring water along the Hanford Site. The type and
concentrations of contaminants in the spring water are similar to those known
to exist in the groundwater near the river.

Approximately one-third of the Hanford Site is drained by the Yakima
River system. Cold Creek and its tributary, Dry Creek, are ephemeral streams
within the Yakima River drainage system.

Table 2-1 lists the chemical compositionof river water at the Hanford
Site. Precipitation at the Hanford Site contains very few dissolved solids.
Columbia River water is low -in di-ssolved -sols Yakima liver-water contains
higher concetrationsof -som consvituents, which may be influenced by
anthropogenic activity (DOE-RL 1992).
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Figure 2-3. Weekly Average CoTumbia River Stage at the Hanford Site
and Weekly Average Discharge at Priest Rapids Dam.

0
0
(0

ao
M0

(19al) UOII A01 6I 9
CO)

0cli

01-9

WUU L~H) aDJeqDs!Q-w2Q sp!deu ~saiJ.~
o a ao 0 0
(0 N

I I 1~ I I
I I

I I

IL I

~ I A

v
I (I

S ~S N- 4
1'

A i/ /

I II
I I I I I

I I
I K U "

I \ N I
i' I,

I ) )

I > 0)
I- a)I / I ~jI

INN I
0

1+ " H- 0
12N In

.~ N a.

-~< AK>\ \~ ' ~ v
x I t~0 I I@I~ II a)

1- - - - -I

C -- a.
I- -

I .5
L

2-7

U]

- I

.c.
4:

-N
0

CI,
~0'

C
-(U

cv,

c~J
0)
C)-a,
0

0

p



DOE/RL-93-88, REV. 0

Table 2-1. Range of Chemical Constituents in Columbia and Yakima River
Water (DOE 1988, pp. 3.4-3 and 3.4-4).

Rangea
Parameter Units Columbia River Yakima River at

at Vernita Horn Rapids

Calcium mg/L 17.3 - 22.2 12.7 - 30.3

Chlorine mg/L 0.9 - 1.1 2.2 - 6.9

Fluorine tmg/L 0.13 - 0.32 0.18 - 0.22

Potassium mg/L 0.42 - 0.91 1.3 - 3.0

Magnesium mg/L 4.0 - 5.2 4.2 - 10.7

Sodium mg/L 2.2 - 2.4 6.2 - 16.3

k14..a 1.t a kin 1 0.l 1 ib -Ni a (1 1; L= z 1u3) -Mig/L . 6 -0.4 - 4.0

Silicon mg/L 1.8 - 2.1 8.0 - 10.7

Sulfate mg/L 9.13 - 13.4 5.4 - 17.9

Total carbon mg/L 13.9 - 16.3 14.9 - 29.5

Total organic carbon mg/L 1.2 - 2.0 1.7 - 3.3

Tritium pCi/L 81.1 - 96.3 40.4 - 45.2

pH -- 7.94 - 8.71 7.25 - 8.78

Turbidity NTU 1.1 - 3.5 9.2 - 23,5

Alkalinity mg/L 53.0 -62.0 51 - 121

Conductivity j mho/cm 123 - 152 122 - 291

Iron

Manganese

mg/L

mg/L

<0.03

<0:01

<0.015 - 0.066

0.012 - 0.028

'Samples were collected in April, July, and November 1985 and
January and May 1986.

bonly one sample analyzed for nitrate.
NTU = nephelometric turbidity units.
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-2.2.2 Hydrogeologir units

SHydrogeologic-units-beneath-the Hanford Site include: (1) the vadose
-zone,- (2) an aquifer-system in the suprabasalt-sediments and (3) a series of
confined aquifers in the basalts and interbeds. This document will focus on
the units above the basalts. The source of the following information is
-Delaney et-al. (1991) unless otherwise indicated. Hydraulic properties of

iows. hydroioqic untis_ are listed _in Table 2-2.

Ihe-vadose-zone-at the Hanford-Site includes Holocene-surficial deposits,
the Hanford formation, and in some areas, portions of the Ringold Formation.
In-the -100-UAias thEwatertabe- ri&cated-near the-Hanfvrd-ingold contact
and the vadose zone consists of poorly sorted gravel, sand, and silt. In the
200 Areas 1-unsaturated-sediments -include-Ringold-unit-E-and-the-units-above it

dsee Section 2.1. Only-the- Hanford formation is continuous throughout the
vadose zone in thie 200 Areas. The vadose zone beneath the 300 and 1100 Areas
consists almost entirely of the Hanford formation. The vadose zone is less
than 30 m (100 ft) thick in areas near the Columbia River (i.e., the 100, 300,
-and 110 Areas) .The vadose zone beneath the 200 Areas is up to 104 m
(340 ft) thick.

The saturated sediments of the Hanford and Ringold Formations make up a
series of aquifers and aquitards that has been referred to as the suprabasalt
aquifer system. The shallowest producing layer within the system at a given
location- is called the uppermost aquifer. In general-;-the sand- and gravel-
dominated stratigraphic units=(see -Figure-'-I )---form aqu f- nA the
overbank/lacustrine deposits form aquitards.

-The uppermst-aqufer in the iAeas-ecomprse-surc "t wnd and
nravel of Ringold unit E or the Hanford formation. In the 200 West Area the
uppermost aquifer is contained in the Ringold Formation under unconfined to
locally confined conditions. In the 200 East Area the uppermost aquifer
occurs in the Hanford and Ringold Formations under unconfined to locally
-confined conditions. The aquifer pinches-out north of the 200 East Area where
the basalt is above the water table. The uppermost aquifer at the 300 and
1100 Areas is dominated by the fluvial gravels of the Ringold Formation.

Water_-enters: the-uppermast aquifer from precipitation, deeper aquifers,
influent streams,-and artificial sources-such as liquid effluent disposal and
Ii I 4 L I U11.

Coarse-grained units- deeper -in- the Ringol d Format-ion--are isolated beneath
fine-grained units, forming a series of confined aquifers. Hydrologic data on
these aquifers are limited--- There is an upward gradient between these
shallow, confined aquifers and the unconfined aquifer in the 100-H Area.

2.2.3 Groundwater Flow

Figure 2-4 is a water table map of the Hanford Site for June 1993.
Groundwater flow in the unconfined aquifer is inferred to be generally from
west to east,-discharging- to the Columbia River.Artificial recharg rum

2-
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Table 2-2. Hydraulic Parameters for Various Areas and Geologic Units
at-the-Hanford-Site (Delaney et al. 1991).

2-10

Hydraulic

Location Interval tested conductivity Transmissivity
nerva mid)_ (m/d) Data source

(rt/d) (ft Id)

zw- ea Rattlesnake Ridge 0 - 30.5 -- Gephart
interbed (0 - 100) et al. (1979)

100 Area Ringold unit E 8.8 - 396 534 - 2,480 Liikala
(29 - 1,300) (5,750 - 26,700) et al. (1988)

200 -Area Rattlesnake Ridge -- 0.74 - 108 Graham et al.
interbed (8 - 1,165) (1981, 1984)

200 West Ringold unit E 0.18 - 61 -- Last et al.
A rA .- (M . - 2 ) - - ( n o n )

1100 Area Ringold units C 0.09- 1.5 -- Lindberg and
and (0.3- 5) Bond (1979)

1100 Area Ringold overbank 0.00024 - 0.03 -- Lindberg and
deposits (0.0008 - 0.1) Bond (1979)

300 Area ILevey interbed 0.003 - 305 -- DOE-RL (1990)
1 (0.01 - 1,000)

300 Area Ringold Formation 0.58 - 3,050 -- DOE-RL (1990)
(1.9 - 10,000)

300 Area Hanford formation 3,350 - 15,200 -- DOE-RL (1990)
(11,000 - 50,000)
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liquid effluent disposal has locally altered groundwater flow and raised the
water table-. The most notable examples -of this -are-in the 200 West Area and
east of the 200 East Area.

,2.4 Groundwater Chemistry

The chemical composition of unconfined groundwater at the Hanford Site is
influenced by interactions with the Ringold sediments, primarily the basaltic
grains (DOE-RL 1992). The average and maximum concentrations of inorganic
constituents are listed in Table 2-3. The listed values were derived from
wells located upgradient-(to the west)-of itanford S-te-activities.

Hanford Site operations have introduced chemical and radiological
contaminants to the groundwater in the uppermost aquifer. Contaminant plumes
originate in the operational areas. Contamination is also present from
offsite sources, e.g., nitrate from agricultural practices.

Figures 2-5 through 2-9 are contour maps showing the distribution of the
most widespread-cotainants in the uppermost aquifer of the Hanford Site.
The maps were constructed from data collected from shallow wells between
January 1991 and September 1993. Anomalous data points were removed and
vaes were averaged where-more than one result existed.

Fiqure 2-5 shows the distribution of tritium in the uppermost aquifer.
Sources df tritium contamination are, or have been, effluent storage or
disposal sites in the reactor areas and the 200 Areas. Tritium contamination
from the 200 Areas has moved in a widespread plume toward the east. It
appears that tritium contaminatinn aon haq moved northward between Gable
Mountain and Gable Butte. Once through this "gap," the tritium contamination
miarates toward the northwest.

Figure 2-6 illustrates gross beta activity in the uppermost aquifer. The
highest observed activities are in the 200 Areas and in the iO-N Area. Like
the tritium plume, the gross beta plume has moved from the 200 East Area
through Gable Gap.

..gr -- t-a±p-iurncP4n-thto200vArnarandthe-plume-m.-ini through Cable
Gap coincide with the 9Tc plume in those areas (see Figure 2-7).
-Technetiu--99 isrTtbeta emitter.-- A group tf-we-ls -near-the Columbia River due
east of-the 200-Areas also show elevated "Tc. It is not known whether this
plume is connected to contamination in the 200 Areas.

igure--- stvows-te distribution or 129I in the uppermost aquifer.
Contaminant plumes are moving toward the east from the 200 Areas. Smaller
areas of contamination are also observed near the 300 Area.

figure 2 ut nitrate distribution in the uppermost aquifer.
Nitrate contamination above the drinking water standard (45,000 ppb) is
observed at locations throughout the Hanford Site.

2-13
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Table 2-3. Mean and Maximum Concentrations of Inorganic Constituents in
Unconfined Groundwater Unaffected by Hanford Site Operations

- DDE-RL 1992 Tahloc -O ,nrd 5-11). (shppt 1 of 2)

Mean + I standard ProvisionalParameter Units deviation (sample size) threshold value8

Aluminum ppb <200 (50) <200

Ammonium ppb <50 (18)-- <120

Arsenic ppb <5 (14) 10

Barium ppb 41 ± 20 (53) 68.5

Beryllium ppb <5 (16) <5

Bismuth ppb <5 (4) <5

Boron ppb <100 (35) <100

Cadmium ppb <10 (16) <10

Calcium ppb 38,542 ± 11,023 (53) 63,600

Chloride-Low

Chloride-High

ppb

ppb

5,032 ± 1,774 (53)

23,296 + 2,463 (14)

8,690

28,500
Chloride-All ppb 8,848 + 7,723 (67) Not calculated

Ghrolim- ppb <30 (8) <30

Copper ppb <30 (50) <30

Fluoride ppb-- -- 437 + 13 (47) 77
Iron-Low ppb <50 (34) 86

Iron-Mid ppb 115 + 52 (7) 291

Iron-High ppb 494 + 118 (12) 818

Iron-All ppb 149 ± 199 (53) Not calculated

LedU ppb <5 (15) <5
Magnesium ppb 11,190 + 2,578 (53) 16,480
Manganese-Low ppb <20 (33) 24.5

Manganese-High ppb 118 ± 17 (20) 163.5

Manganese-All ppb 50 ± 55 (53) Not calculated

Mercury ppb <0.1 (14) <0.1

Nickel ppb <30 (23) <30

Nitrate ppb 5,170 ± 3,576 (78) 12,400

Iosphate ppb -10Q0 1,000

2-14
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Table 2-34 Mean and Max imum Concentrations of Inorganic Constituents in
Unconfined Groundwater Unaffected by Hanford Site Operations

(DOE-RL 1992, Tables 5-9 and 5-11). (sheet 2 of 2)
r I Mean-+ I standard- -Provisional

Parameter Units deviation (sample size) threshold valuea

-Potasslum - n A,99 1,453 (53) ,

Seleni-um nnh <5 (14) <5
SilvrJ6 t z - -

rI ve I. L
Silicon ppb

ppb

18,152 + 4,974 (35)
1 ,774 .LA ,7A (f53)

26,500

33,500

Strontium ppb 164 ± 47 (43) 264.1

Sulfate ppb 30,605 + 22,611 (67) 90,500

]Uranium rnk 147-- 1.2 3.43

vanadium- ppb -9 4 (18) 1

Zinc-Low ppb e5O (36) <50

Zinc-High ppb 247 165 (17) 673

Zinc-All ppb 95 + 140 (53) Not-calculated

Field alkalinity ppb 137,758 + 33,656 (31) 215,000

Lab alkalinity ppb 137,717 + 29,399 (52) 210,000

Field pH - 7.57- 0.29 (57) [6.90, 8.24]

Lab pH -- 7.75 ± 0.21 (52) [7.25, 8,25]

Total organic carbon

Field conductivity

Lab conductivity

Total orcanic haloqen

ppb

ymho/cm

ymho/cm

ppb

519 + 367b (62)

344 ± 83 (22)

332 ± 93 (36)

<cv 14) 1

1, 610'

539

530
-7.a

it

Total carbon ppb 31,772 + 7,022 (48) 50,100

Gross alpha pci/L 2.5 + 1.5' (136) N .

Gross beta pCi/L 7.1 + 2.6b (44) 12.62 b

Radium pCi/L Not detected (10) 0.23

'Threshold valuedescribed in DOE-RL (1992). Generally represents
maximum value.

bPotential outlier observation(s) were removed.
- From springs data (Early et al- 198A).
dFrom WHC (1990), based on inductively coupled plasma/mass

spectrometer data.
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The concentrations of certain metals have been elevated in many
unfiltered groundwater samples collected at the Hanford Site. The elevated
metals are believed to be unrepresentative of groundwater quality. Filtered
samples generally have much lower concentrations of metals. Iron, manganese,
and chromium are especially common in unfiltered s pampies collected from newly
constructed wells. These metals are constituents in steel well casing and
screens and their presence in unfiltered samples is assumed to be due to
particles of well materials. Elevated concentrations of aluminum have also
been observed --n some unfiiered s-amples,- u'fte associated witt igh-turbidity
values. This suggests that clay- and silt-sized particles, including clay
minerals (aluminosi-licates), are being pumped and/or bailed when the Weii is
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3.0 100 AREAS

-Hartman
tnyhu Hanford Company

3.1 HYDROLOGIC SETTING OF THE 100 AREAS

The area north of Gable Mountain and Gable Butte and south of the
-Columbia River Is known as the 100 Areas. The -region includes the six
decommissioned reactor areas.

3.1.1 Geology of the 100 Areas

-Information in- th-s section- -i-s-der-ived -mainly from Lindsey (1992) and
Delaney-et al. (1991). Details on the geology of each reactor area are
avallablp n the following documents:

* 100-B/C: Lindberg (1993a)
Siuu-K: LIunberq (lJUJb
* 100-N: Hartman and Lindsey (1993)
* 100-0, 100-H: Lindsey and Jaeger (1993)

100-F Raidi (1994).

All of the reactor areas, except the 100-B/C Area, are located on the
north lib-of the Wahluke syncline.- The -100-B/C Area lies-- approxi-mately on
the axis of the syncline. The suprabasalt sediments in the 100 Areas comprise
the Ringold -Formation-, Hanford- format-iorr,- and Holocene surficial deposits.
The Ringold Formation shows significant stratigraphicvariation across the
100 Areas (Figure 3.1-1). Gravel-dominated intervals generally are more
abundant and thicker in the western part of the Wahluke syncline. These
grav es pinch-out to-the north,_up dipon the north limb of the syncline. The
uppermost Ringold Formation is dominated by gravels in the west and muds
(clay- and silt-sized particles) in the east.

Ringold unit A (see Section 2.1) lies atop the Columbia River Basalt
throughout much of the--100-Areas.- The unit- is a filival-gravel- consisting of
interbedded sand and cobbles with some caliche. It has been observed as
ranging from 5.5 to 20 m (18 to 65 ft) thick. Unit A is not present in the

00-H -or 100-F Areas; it is not known where -the unit pinches out between the
100-N and 100-H Areas.

The lower mud unit, which overlies unit A, appears to be continuous
beneath the 100-Areas. It is up to 43ia (140 ft) thick.

The gravel-dominated Ringold unit-B overlies the lower mud unit beneath
the 100 Areas. It is 3 to 22 m (10 to 72 ft) thick and coarsens from

-interbedded-fluvial--sand and- overbankdeposits i-n the west-near the
100-B/C Area to interbedded fluvial sand and gravel in the east near the
100-F Area. It is absent in the 100-H Area.

An interval of overbank deposits overlies unit B throughout the
1An Areas

3.1-1
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Fluvial gravel-dominated-unitC-is present in the western 100 Areas and
pinches out to the northeast Unit C is up to 35 m (115 ft) thick near the
100-B/C Area;_it-is absent on the north limb of the Wahluke syncline north of
the 100-N and 100-F Areas. The unit grows thinner and finer south of
100-F Area, where it consists of 15 to 18 m (50 to 60 ft) of fluvial sand.

Another interval of overbank deposits overlies unit C. Thin fluvial
sands are-prsent- within the interval.

The shallowest, fluvial gravel-dominated interval in the Ringold
-Eormation -beneath-the-100 Areas is unit-E. It is-up -to 30 m (100 ft) thick in
the western Wahluke syncline near the 100-B/C Area and pinches out north of
the 100-D Area and east of Gable Gap.

Near the 100-H and 1004 Areas, where- urit E israbsent, a unit of
interbedded fluvial sands and overbank deposits is present. This unit grades
into the overbank deposits overlying unit C North of the 100-N and
100-F Areas,-fluvia sands pinch out and overbank deposits dominate all the
way t4nwn +n iinit R

The post-Ringold, pre-Hanford deposits described in Section 2.1 are not
present beneath the 100 Areas. The Hanford formation in the 100 Areas is
dominated by -pebble to cobble gravels. Clast size is largest in the
100-N Area and further west, where boulders up to 2 m (6 ft) in diameter are
common. Hanford gravels-elsewhere in the 100 Areas comprise pebbles and
cobbles up to 0.3 m (1 ft) in diameter.

--IHloene- sediments-in the-100 Areas are dominated by-Columbia River and
eolian deposits. The river deposits comprise gravels and coarse-grained sand
deposited inne"S and overbank silts an fine sands. Fnlian lodimpnts
consist of thin; fine; silty sands to dune sands.

3.1.2 Hydrogeologic Units in the 100 Areas

Information on the hydrology of the 100 Areas is available in Hartman
and Peterson (1992) and Delaney et al. (1991).

The suprabasalt sediments beneath the 100 Areas form a series of aquifers
and aquitards. in general, the gravel-dominated Ringold units (A, B, C,
andE) and thehanford_ frmation_ (where-saturated) act as anuifers. The
finer-grained overbank deposits act as aquitards (see Figure 3.1-1).

The vadose zone beneath the 100 Areas comprises mainly the sands and
gravels of--the-Hanford formation. In some areas, the top of Ringold Formation
unit E is also unsaturated. The vadose zone in the 100 Areas is up to 40 m
(130 ft) thick.

The uppermost aquifer is thickest near the 100-B/C Area (approximately
30- [100-ftf) and thinnest in-the 100-Di1OG-1 - and 100-F Areas (3 to 9 m
[10 to 30 ft]). It consists of Ringold unit E or the Hanford formation.
Figure 3- I-2--shows- the -geology- at- the water- tabl-e-.- The aquifer is entirely
within Ringold unit E in the 100-K, 100-N, and 100-D Areas. The bulk of the
aquifer is in unit E in the 100-B/C Area, although the water table is in the
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Hanford formation. The uppermost aquifer is entirely within the Hanford
gravels in the 100-H and 100-F Areas, where Ringold gravels are absent. The
water table is in fine-grained units of the Ringold, in an area north of
Gable Mountain.

Hydraulic conductivity estimates from various 100 Areas tests were
compiled by Hartman and Peterson (1992). Horizontal hydraulic conductivity of
the- Han1ordformation-generally ranaes- in-the hundreds to thousands of meters
{feet)7per-ay -ydraulitc-onductivity or the uppermost Ringold aquifer
ranges frnm tant tn hundreds of meters (feet) per day.

The base of the uppermost aquifer is believed to be the fine-grained
overbank and lacustrine deposits of the Ringold Formation. Sand- and gravel-
dotinated units-deeper- -in the Ringold Formation- are believed to a t aC
confined aquifers. However, few wells are completed within these units, so
the degree of isolation of the underlying-aquifers is not well known- The
overbank intervals contain thin layers of fine sand that also may act as
aquifers.

3.1.3 Groundwater Flow in the 100 Areas

Water levels are measured in June and December each year throughout the
Hanford Site, including the 100 Areas. Figure 3.1-3 is a water table map of
the 100 Areas, constructed from data collected in June 1993. Groundwater is
inferred to flow to the north and east through the area. In the 100-K, 100-N,
and 100-D Areas, groundwateradjacent to the river flows to the northwest.
Groundwater discharges from the uppermost aquifer to the Columbia River
throughout most of the 100 Areas. West of the 100-B/C Area the gradient is
extremely-low and the direction of groundwater flow is somewhat variable; in
June 1993 the river appears to recharge the aquifer. Other sources of
recharqe to the uppermost aquifer in the 100 Areas include infiltration of
precipitation west of the Hanford Site; inflow of groundwater from the
200 Areas; and artificial recharge from Hanford Site operations in the
100-K. 100-N. and 100-D Areas.

River stage is measured with pressure transducers and data loggers in
the 100-B/L, iuu--, 100-H, and 100-F-Areas. figure 2-3, in Chapter 2.0,
illustrates average weekly river stage in the 100-B/C, 100-H, and 100-F Areas
from October 1992 through September 1993. River stage was lowest in March and
April, and highest in May. When river stage is high for several weeks or
months (as is common in the spring), a reversed gradient forms near the river.
Water can flow from the river into the aquifer during those times.

Segments of basalt above the-water table in Umtanum Ridge, Gable Butte,
and Gable Mountain affect aroundwater flow into the 100 Areas, An elevated
water table in the ?J0 Areas-s incre-ased-the northward Lomponent of flow
through gaps in the chai-n of basalt. Groundwater appears to "dam up" behind
Gable Butte and Umtanum Ridge. The area of high groundwater north of Gable
Mountain may be an expression of perched water or a remnant of a previously
elevated water table from pre-Hanford irrigation. The water table in this
area is within fine-grained Ringold sediments (see Section 3.1.2). An abrupt
change in transmissivity of the aquifer near the east end of Gable Mountain is
believed to cause the steep gradient there.
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Figure 3.1-3. 100 Areas Watei
Table Map, June 1993.
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3.1.4 Groundwater Chemistry in the 100 Areas

Groundwater chemistry in the uppermost aquifer in the 100 Areas has been

affected by operations in the reactor areas and, to some extent, by an influx

of contaminated water from the 200 Areas flowing northward between Gable

Mountain and Gable Butte. The most prevalent contaminants are tritium, gross
beta activity, nitrate, and chromium.

The following paragraphs reference maps of contaminant distribution in

the uppermost aquifer of the Hanford Site. The maps were constructed from

data collected between January 1991 and September 1993 from shallow wells.
Anomalous data points were removed and values were averaged where more than
one result existed.

Tritium was present in liquid effluent discharged at most of the reactor

areas inthepast (Figure 3.1-4). Tritium is not sorbed to sediments and
moves unimpeded with groundwater flow, -although it decays- with time during
transport. Currently the highest tritium activities are observed in the
100-K Area (up to 3 million pCi/L) but these levels are only seen in one well.

Tritium activities greater than the drinking water standard of 20,000 pCi/L
are also observed in the 100-N Area and in a small -portion of the-100-F Area.

Elevated tritium activities are observed in wells across the horn of the
Hanford Site between the 100-N, 100-0, and 100-H Areas. This area is
interpreted in Figure 3.1-4 as a continuous plume with a tritium "high"
foriinating-in the 100-N Area. Groundwater mounds were present when tritium-
laden effluent was being disposed, altering groundwater flow enough to push

-some of the-tritium away from the river, potentially ,rrncs the horn.

Tritium is also-elevatedbetween Gable Mountain and Gable Butte. The

source of contamination is believed to be the 200 Areas. The presence of

elevated -itium In other wells -between Gable Butte, the 100-B/C Area, and
100-K Area suggest that the plume is migrating to the northwest,-where it has

merged with plumes from effluent disposal in the reactor areas.

Gross beta activity in groundwater is greater than the drinking water

standard (50 pCi/L) in the 100-B/C, 100-N, 100-H, and 100-F Areas

-(rigure 3.1-5). The highest activities are-in--the-0--N Area, but levels are
decreasing since the disposal facility ceased operation in 1991. Elevated
gross beta activity is also observed between Gable Mountain and Gable Butte.

The elevated gross beta activity in the reactor areas is primarily caused

by 9 Sr, which is greater than the drinking water standard (8 pCi/L) in at

least-a few wells in all of-the reactar areas _(Fiqure 3.1-6). The highest
values of 90Sr are in the 100-N Area. Technetium-99 accounts for the elevated
gross beta plume flowing through Gable Gap (see Figure 2-7).

- Nitrate is al-so a-widespread-contaminant in the -100 Areas-groundwater,
and it moves at nearly the same rate as groundwater. Its concentration is
greater than the drinking water standard (45,000 ppb) in most of the reactor
areas (Figure 3.1-7). The highest nitrate levels and the most widespread
plumes are in the 100-D and 100-F Areas. The nitrate plume originating in the
100-F Area appears to be flowing toward the south-southwest, between Gable
Mountain and the Columbia River.

3.1 -q
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Chromium is elevated in the 100-K, 100-D, and 100-H Areas (Figure 3.1-8).
When chromium is dissolved in groundwater it is assumed to be Cr 6 , because
other species of chromium are virtually insoluble in water. Hexavalent
chromium is mobile in groundwater.
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Figure 3.1-4. Trittui Activity in
the Uppermost Aquifer, 100 Areas,
January 1991 through September 199'
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Figure 3.1-5. Gross Beta Activity
in the Uppermost Aquifer, 100 Area
January 1991 through September 199:
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Figure 3.1-6. Stroftium-90 Activitj
in the Uppermost Aquifer, 100 Areas,
January 1 991 through September 1993.
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Figure 3.1-7. Nitrate Activity in
the Uppermost Aquifer, 100 Areas,
January 1991 through September 1993
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Figure 3.1-8. Chr6mium Activity i
the Uppermost Aquifer, 100 Areas,
January 1991 through September 199
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3.2 100-N AREA RESOURCE CONSERVATION AND RECOVERY ACT SITES

M. J. Hartman
Westinghouse Hanford Company

Four kesource -Conservation and Recovery-Act of 1976 (RCRA) units are
located in the 100-N Area: (1) the 1301-N Liquid Waste Disposal Facility
(LWDF), (2) the 1324-N Surface Impoundment, (3) the 1324-NA Percolation Pond,
and (4) the 1325-N LWDF (Figure-3.2-1). --The-1324-N and-1324-NA units are
monitored as a single site. Interim-status groundwater monitoring began at
all of tim--sites in-December- 1987.- -The sites are located close together and
have-related effects on the groundwater hydrology of the 100-N Area.
Therefore, they are discussed in a single section of this report.

The 1301-N and 1325-N LWDFs are monitored under indicator evaluation
programs, as described in the groundwater monitoring plan (Hartman 1993e).
The 1324-N/NA site is monitored under a groundwater quality assessment
-orogram;-as U scIbe in the asessiment plan (Hartman 1993f).

The 1301-N LWDF was the primary liquid waste disposal facility for the
N Reactor from 1963 until 1985. Discharges to the 1301-N LWDF were primarily
radioactive fission and activation products. Minor amounts of dangerous waste
also were discharged, including the following: (1) hydrazine, (2) ammonium
droxide~ (-dA;+kIhthinura (4) sodium dichromate, (5) morpholine,

(6-)Vptosphrt acid-;t ) le>d, andI- ()-admium. - The 1301-N LWDF consists of a
concrete basin with an unlined, zig-zagging extension trench, covered with
concrete panels.

The 1325-N LWDF was constructed in 1983, and N Reactor effluent was
discharged to it and to the 1301-N LWDF. In 1985, discharge to the
1301-N LWDF ceased, and all effluent was sent to the 1325-N LWDF. All
discharge to the132-MLWF c-aSed in late 1991. The 1325-N LWDF consists of
a-concrete basin-with an unlined extension trench, covered with concrete
panels.

The 1324-N Surface Impoundment was a treatment facility that was in
service from May 1986 to November 1988. This facility is a double-lined pond
that was used to neutralize high and low pH wastes from a demineralization
plant. The 1324-NA Percolation Pond is an unlined pond that was used to treat
wastes from August 1977 to May 1986, and to dispose of treated wastes from
May 1986 to August 1990. The effluent to both facilities contained sulfuric
acid and sodium-hydroxide, and its pH was occasionally high or low enough to
be classified as a dangerous waste.

The RCRA sites in the 100-N Area are part of the 100-NR-1 source operable
unit, under the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) program. Groundwater is covered by the
100-NR-2 operable unit. Groundwater sampling and analysis are coordinated
between the RCRA and CERCLA programs.

3.2-1
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Hartman and Lindsey (1993) describe the hydrogeology of the 100-N Area.
Figure 3.2-2 is a geological cross-section- through the 100-N Area. The
uppermost aquifer beneath- t4he 4-00- -Are-al s- a sand -and graveI unit in the
Ringold Formation. The base of the aquifer is believed to be a clay-rich unit
approximately 12 m (40 ft) beneath the watr table.

Hydraulic conductivity estimates for the uppermost aquifer are highly
variable. Gilmore et al. (1992) used several methods to derive a more
representative range. Horizontal hydraulic conductivity is estimated to range
frnm .0 t n27 .1iA 19 +n 12A ft/d) han0ath mnvt f the area.

3.2.2 Sumary of 1993 Activities

No licuid effluent was discharged to the 100-N RCRA units in 1993. The
declining-water-levels evident in recent years appear to have stabilized in
the past year. Seasonal fluctuations- are evident, and the groundwater mounds
formerly present beneath the area have dissipated.

An indicator evaluation monitoring program was reinstated at the
1301-N LWDF in March 1993. Wells were sampled quarterly to re-establish
baseline levels of indicator parameters. The 1325-N LWDF remained in an
indicator evaluation program and monitoring wells were sampled semiannually.
Hartman (1993e) describes the groundwater monitoring programs for both of
these sitos.

The 1324-N/NA site has been in assessment monitoring since 1989. The
assessment program was revised in 1993 to investigate the cause of elevated
total organic halogen (TOX) in some of the downgradient wells (Hartman 1993f).
The monitoring network was reduced from the original assessment network, and
the constituent list was changed. The wells were sampled quarterly during the
past year.

The first four quarters of monitoring at 1325-N upgradient well N-741

were completed jn-1993- _Backround-values of indicator parameters were
re-established-usting-data -from-the new-upgradient well. One new well was
installed for the 1325-N LWDF (N-81). The well was sampled for the first time
in May 1993, and quarterly through the rest of the year. Water levels were
measured monthly in most of the wells in the 100-N Area.

3.2.3 Other Activities in 1993

A report describing the hydrogeology of the 100-N Area was prepared to
support CERCLA studies and RCRA closure plans-(Hartman and Lindsey 1993). The
report describes the geology, hydrology, and groundwater chemistry of the
area, focusing on the shallow hydrologic units.

1Well numbers-are abbreviated -in -Section 3.2 by-deleting prefix numbers.
Wells in the 100-N Area-(e.g., N-2, N-71, and N-81) have the prefix 199-.
Wells in the 600 Area (e.g., 81-58) have the prefix 699-.
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Alexander -and-Johnson-(1993) contains a groundwater impact assessment for
the 1325-N LWDF. Flow and transport calculations suggest that natural
rech-arge and water table-fluctuati onsay cause migration of 90Sr from the
sediments into the aquifer.

3.2.4 Sampling 2nd Anlysis Program

Sampling and analysts for-the-1301-N and 1325-N LWDFs are described by
Hartman (1993e). Wells in the sampling networks are listed in Tables 3.2-1
and 3.2-2; constituents analyzed are listed in Table 3.2-3. Wells in the
1301-N network are sampled quarterly to re-establish background conditions.
he 25-N network is sampled semiannually, except for well N-81, a new well

that is sampled quarterly. In August 1993 a revised assessment program for
the 1324-N/NA site was implemented (Hartman 1993f). This program supersedes
the previous assessment program (Gilmore 1989; Hartman 1991b). Wells formerly
and currently sampled for 1324-N/NA assessment monitoring are listed in
Table 3.2-4. The new constituent list is shown in Table 3.2-5. The
1324-N/NA network is sampled quarterly. Water levels were measured monthly in
most of the wells in the 100-N Area during the past year. Well locations for
the 100-N Area are shown in Figure 3.2-1.

Water levels and results of laboratory analyses of 100-N Area groundwater
were-reported-in quarterly reports (Hartman 1993b,_1993c, 1993d, -1994).

3.2.5 Groundwater Chemistry: 1301-N and 1325-N LWDFs

-This section describes results of chemical analyses of groundwater and
defines the constituents of concern for the 1301-N and 1325-N LWDF sites. The
sites are-discussed-tether because their effluents were virtually identical
and their contaminant plumes overlap.

3.2.5.1 Constituents of Concern: 1301-i-and 132--N LWDF. Groundwater
monitoring at the 1301-N and 1325-N LWDFs provides no evidence that dangerous,
nonradioactive constituents from the sites have entered the groundwater. The
andicatar-paramete v jrespecimfitnductAie p. total oroanic carbon (TOC),

and TOX (dl Cnde of Federal Regulations [CFR] 265.92[b][3]). Other analytes
are monitored in groundwater to look for the dangerous waste constituents that
were discharged to the 1301-N and 1325-N LWDFs during their use (see
Section 3,2.1). These inAlytes include hydrazine, ammonium ion, nitrate,
chromium, phosphate, lead, and cadmium. -Therewere no-significant detections
of these- analytes that could be -attr4buted to the- 13014{ or -132-54 tWDFs.

Hydrazine, phosphate, chromium, lead, and cadmium (in filtered samples)
have not been detected in 1301-N or 1325-N groundwater in significant
concentrations. Ammonium ion has been detected in several wells upgradient
and-downgradient-of-the 1301-N LWOF, but not consistently and at low
concentrations (100 to 200 ppb). In 1987 ammonium ion in the 1325-N network
was as high as 3,630 ppb in well N-29. Ammonium concentrations declined after
1989, and most were less than detection limits during the past year. Nitrate
has been elevated in various parts of the 100-N Area in the past. Its current
dtstriiution does not suggest any single source (Figure 3.2-3). The highest
concentration in the past year was 64 ppm, south of the N Reactor building.

3.2-7
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Table 3.2-1. Wells Used to Monitor Groundwater Chemistry for
the 1301-N Liquid Waste Disposal Facility.

Well I Aquifer Sampling Well Other
WeI Aq if rfrequency standard networks

199-N-2" Top of unconfined Q PRE --

199-N-3" Top of unconfined Q PRE 100-NR-2

199-N-14 69  Top of unconfined Q PRE --

199-N.-34a Top of unconfined Q PRE --

199-N-57i' Top of unconfined Q RCRA

199-N-6788 Top of unconfined

Bottom unconfined

Q

Q

RCRA

RCRA

100-NR-2

199-N-75 92  i Top of unconfined--I Q i RCRA 100-NR-2

199-N-7692  ITop of unconfined Q J RCRA 100-NR-2

Notes: Shading denotes upgradient wells. Superscript
following well number denotes the year of installation.

PRE - well is not constructed to RCRA standards.
Q = frequency on a quarterly basis.

RCRA = well is constructed to RCRA standards.

3.2-8
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Table 3.2-2. Wells Used to Monitor Groundwater Chemistry
for the 1325-N Liquid Waste Disposal Facility.

Well Aqui fer Sampi ing
frequency

Well
standard

Other
networks

199-N-271a Top of unconfined SA PRE --

19 -N- 2a to off u-conined SA PRE--

199-N-328'- Top of unconfined SA PRE 100-NR-2

199-N-41" Top of unconfined SA PRE --

199-N-438 Top of unconfined SA PRE --

I99-N-7

199-N-7491

-B&Ltom- -unt-nrfIed

Top of unconfined

SA

. SA

RCRA

RCRA

100-NR-2

100-NR-2

199-N-81 9 jTop of unconfined Q j RCRA --

Notes:-.Shading denotes upgradient well. Superscript following
well number denotes the year of installation.

'Although wells N-27 and N-29 are currently upgradient of the
1325-N-L-WDF, they-were downgradient whem the-facility was actIve.
The groundwater chemistry -at- these-wells is still affected by the
facility, so they are monitored as downgradient wells.

-PRE_-' well is not constructed to-RCRA standards.
Q = frequency on a quarterly basis.

RCRA-_ well is constructed to RCRA standards.
SA = frequency on a semiannual basis.

3.2-9
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Table 3.2-3. Constituent List for 1301-N and 1325-N LWDFs.

Contamination indicator parameters

pH (field and lab) Total organic carbon
Specific conductance Total organic halogen

(field and lab)

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

Arsenic Gross alpha Radium
Barium Gross beta Selenium'
Cadmium Lead Silver
Chromium Mercury' Turbidity
Coliform8  Nitrate
Fluoride

Site-specific parameters

Gamma scan Temperature (field)
Hydrazine Tritium
Strontium-90

'Only for new wells for the first four quarters of monitoring.

3.2-10
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Table 3.2-4. Wells-Used-to Monitor Groundwater hemistry
for the 1324-N/NA Facilities.

Well Aquifer Sampling Well Other
frequency standard networks

n ed ar-assvssmentiprogram tefore June 1993

199-N-17 1  Top of unconfined Q PRE 100-NR-2

199-N-211 Top of unconfined Q PRE 100-NR-2

199-N47" Top of unconfined Q PRE --

199-N-5487  Top of unconfined Q RCRA 100-NR-2

199-N-5587  Top of unconfined Q RCRA --

199-N-56" Top of unconfined Q RCRA

Monitored in previous and current assessment programs

199-N-5917  Top of unconfined Q RCRA --

199-N-71" Top of unconfined Q RCRA 100-NR-2

199-N-7291 Top of unconfined Q RCRA --

199-N-7391  Top of unconfined Q RCRA 100-NR-2

199-N-77 Bottom of unconfined Q RCRA 100-NR-2
1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Notes:
well number

PRE =

Q=
RCRA =

Shadino dnotes upgradient well. Superscript
denotes the year of installation.
well is not constructed to RCRA standards.
frequency on a quarterly basis.
well is constructed to RCRA standards.

following
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- Table 3-2-5. Constituent List for 1324-N/NA Assessment Monitoring.

Contamination indicator parameters

pH (field and lab) Total organic carbon
Specific conductance Total organic halogen

(field and lab)

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

I Arsenic Gross alpha Radium
Barium Gross beta Selenium
CdUmium - Lead Silver
Chromium Mercury Turbidity
Fluoride Nitrate

Site-specific parameters

Temperature (field) Volatile organics by
gas chromatography

While the 1301-N and 1325-N LWDFs were in use., they introduced
radioactive constituents, rimarily tritium and 9nSr, to the groundwater.
Figure 3.2-4 illustrates Sr in the uppermost aquifer. Its distribution
suggests -that there are two separate plumes, one associated with the
1301-N LWDF and another associated with the 1325-N LWDF. The 1301-N LWDF was
in service for over 20 years and the resulting 9Sr plume is larger and has
-higher -acttv-it- thn- the- 12n-hN piM

Strontium-90 is not very mobile in groundwater. The shape and position
of the plumes have not changed much since 1990 (Hartman 1991a, 1992a, 1993a).
However, the activity at the center of the 1325-N plume has decreased
(e.g-,-well N-29, Figure-3.2-5). Strontium-90 activity in wells downgradient
of the 1301-N LWDF have increased slightly since 1990 (Figure 3.2-6).

Figure 3.2-7 shows tritium in the uppermost aquifer. The distribution of
tritium suggests its source was the 1325-N LWDF, although the center of the
plume has apparently migrated downgradient toward the 1301-N trench. Tritium-
contaminated water from the I10-WArea -appears- to have zigrated northward to
the 100-D Area (see Figure 3.1-4 and Section 3.1.4). It also migrated to the
south, toward what is now the upgradient well (N-74) for the 1325-N site.

3.2-12
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Figure 3.2-4. Strontium-90 in the Uppermost Aquifer Beneath the 100-N Area,
February/March 1993 (Hartman and Lindsey 1993).
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Figure 3.2-5. Strontium-90 Versus Time in Wells N-27 and N-29.
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Figure 3.2-7. Tritium in the Uppermost Aquifer Beneath the 100-N Area,
February/March 1993 (modified from Hartman and Lindsey 1993).
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The northern edge of the tritium plume and its center appear to have
moved downgradient since 1990 (Hartman 1991a, 1992a, 1993a; see Figure 3.2-7).
However, quantifying this movement is not possible because data distribution
does not- allow the plume to be definrd wall enough.

Tritium -Tevels fluctuated in weIts- ne-ar the -1325-1 LWDUF when the site was
in use (Figure 3.2-8). Activities have remained relatively stable during the
past 2 years. Tritium levels in well N-14, downgradient of the 1301-N LWDF,
have increased since 1990, probably because of the influence of the plume from
the 1325-N LWDF (Figure 3.2-9).

Specific conductance is relatively low and stable in most of the
downgradient wells in the 1301-N network. It is increasing in wells N-3
and N-2, and is elevated-in upgradient-well 1]-57. The source of the elevated
specific conductance is the 1324-N/NA site (Hartman 1992b).

Specific conductance at wells downgradient of the 1325-N LWDF has
increased since 1989 (Figure 3.-2-10). In the past, specific conductance of
groundwaterbeneath the_ 1325-NLIWDhFwas low because of artificial recharge
w4th-lowncondctivity nater-whle the-ste was in use- After-discharge to the
1325-N LWDF ceased, specific conductance of groundwater began to increase.
High-conductivity groundwater from the 1324-N/NA site also appears to be
migrating toward the 1325-N LWDF (Figure 3.2-11). Specific conductance in the
upgradient well, N-74, is elevated but declining. Specific conductance in the
downgradient wells may be expected to continue to increase as the
high-conductivity plume continues to move toward the north.

Groundwater beneath the 1301-N and 1325-N LWDFs has a pH ranging from
7.5 to 8.5. There are no clear upward or downward trends. Replicate averages
of TO have been- at-or below the contractually required quantitation limit
during the past year.

Tritium, gross beta, and 90Sr have been consistently above their drinking
water standards in some of the 1301-N and 1325-N wells during the past year.
Some metais, such as iron, manganese, and chromium, have been above drinking
water standards in unfiltered samples but are not believed to be indicative of
-groundwater -quality (see Section 2.2.4).

3.2.5.2 Statistical Evaluations: 1301-N and 1325-N LWDFs. The
1301-N monitoring network is being sampled quarterly to collect background
data from different upgradient wells. After four quarters of data are
available, new critical mean values will be established for the indicator

parameters.

- Statistical-evaluations-at-the 1325-N-LWDF-durtng-the past year consisted
of (1) re-establishing upgradient/downgradient comparison values using data
from-a-new-upgradient well-(N-74), and (2) comparisons between upgradient and
downgradient wells for indication--ofcont-aminati-on in the groundwater beneath
the site. All values of specific conductance, pH, and TOC in the downgradient
wells in the past year were below the upgradient/downgradient comparison
values. TOX-values were not analyzed due to problems with the data (see
Appendix A).

3.2-17
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Figure 3.2-8. Tritium Versus Time in Wells N-27, N-29,
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Statistical analyses required by 40 CFR 265.93(b) and Washington
Administrative Code (WAC) 173-303-400 were performed on the samples collected
from upgradient well N-74, which was installed in 1991. Supporting data are
included in Appendix C; results are presented in Table 3.2-6. This table
lists the background average, standard deviation, critical mean (or critical
range, in the case of pH), and upgradient/downgradient comparison values for
the contamination indicator parameters. The upgradient/downgradient
comparison value is the value to which current and future averages of
indicator parameters are compared. The comparison value is generally the
critical mean or critical range. The limit of quantitation is used as the
comparison value for TOC instead of the critical mean because all the
upgradient concentrations were below the contractually required quantitation
limit (co Annndiy r.

3.2.6 Groundwater Chemistry: 1324-N/NA

3.2.6.1 Concentration Histories of Waste Indicators. Groundwater beneath the
1324-N/NA site is characterized by high specific conductance, primarily
because of elevated sulfate and sodium. Sulfate concentrations in well N-73
appear- to have increased in May and August 1993 (Figure 3.2-12).

Some of the Wells in the 1324-N/NA network have had pH at the upper
drinking water limit of 8.5 (Figure 3.2-13). This relatively high pH appears
unrelated to discharge to the 1324-N/NA site, because upgradient well N-71 has
also had a pH at nearly 8.5.

TOX is -slightly-elevated in some of the 1324-N/NA downgradient wells
(Figure 3.2-14). Although the TOX data are in question, the consistency of
the elevated values in wells N-72 and N-77 suggests that a halogenated
compound is indeed present. The revised assessment program is investigating
the elevated TOX (Hartman 1993f).

t.AzLrtstrbutin of Waste Constituents- 1324-N/NA. Results of the
groundwater quality assessment program provide no evidence that dangerous
constituents from the 1324-N/NA units have entered the groundwater
(Hartman 1092b). The 1324-NA Percolation Pond has introduced nondangerous
constituents, primarily sulfate and sodium, to the groundwater. The
distribution of specific conductance and sulfate are illustrated in
Figures 3.2-11 and 3.2-15, respectively.

The highest concentration of sulfate and the highest values of specific
conductance were observed in the assessment wells near the river. The plume
has migrated from its original position, which was centered on the
1324-N/NA sites (Hartman 1991a).

As discussed above, TOX is elevated in wells N-72 and N-77. The source
of the TOX is being investigated, but there is no evidence of a widespread
plume.
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Table 3.2-6. Critical Means Table for 20 Comparisons--Background
Contamination Indicator Parameter Data for -the 1325-N Liquid

-Waste Disposal Facility.'b

lI Upgradient/
Constituent - I Average Standard 1 c .. ,. I downgradient

(unit) " '' " background deviation r " comparison
value

Specific 4 3 12.924 501.75 14.046 704.7 704.7
conductance
(pmho/cm)
Field PH 4 3 16.326 7.991 0.129 [5.63, 10.35] (5.63, 10.35]

Tt 3 12924 500 U.C NC80

organic
carbon'
(ppb)

Total NC NC NC NC NC NC NC
organic
halogend

L15 -

'Data collected from May 1992 to March 1993 for upgradient well 1-N-74.
Values calculated based on 20 comparisons.

bThe following notations are used in this table:
df - degrees of freedom (n-1)
n - number of background replicate averages
t, - Bonferroni critical t-value for appropriate df and

20 comparisons.
Critical mean cannot be calculated because of lack of an estimate of

background standard deviation. The limit of-quantitatin -(based -on -field
nianks-data,-993) is used as the total organic-arbon critical mean (see
Appendix A).

"Critical mean cannot be- calculated--because of problems associated with
data nuality.

NC = not calculated.
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Figure 3.2-12.
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3.2.7 Groundwater Flow

This section describes the direction and rate of groundwater flow beneath
the 1301-N. 1325-N, and 1324-N/NA sites.

3.2 .7;1 Groundwater Flow-Direction.- Figures 3.2-16 and 3.2-17 show the water
table beneath the 100-N Area in May and June 1993, respectively. The river
level was high in May, and there was a potential for water to flow out of the
river into the aquifer. By mid-June the river level had declined, the water
table had reverted to its average position, and groundwater flowed from the
aquifer to the river.

..--- -roundwate-is-nort-stroig-i--nftenced--by river -stage -near the
1301-N WDF than near the other RCRA sites, because the 1301-N site is closest
to- the -river. - NMay-, groundwater adjacent to the river may have flowed
roughly parallel to it. In June, groundwater is inferred to flow toward the
river (i.e., toward the northwest) beneath the 1301-N LWDF. The horizontal
gradient between wells N-34 and N-75 in June was 2 x 10 .

Groundwater flows primarily toward the north beneath the 1325-N LWDF, as
inferred from the water table. River stage did not affect the direction of
groundwater flow at the 1325-N site during the past year. The horizontal
gradient between wells N-28 and N-49 in June was 1 x 10~.

The general direction of groundwater flow beneath the 1324-N/NA site is
toward-the northwest. However, there seem to be local anomalies to this
pattern.- Water levels in well N-72 are consistently about 0.3 m (1 ft) higher
than in well N-73 (Figure 3.4-18). The horizontal gradient between wells N-72
and N-26 in June was 4 x 10.

Vertical gradients are not well known in the 100-N Area. Wells adjacent
-ta the Columbia River show an upward gradient in the uppermost aquifer
(Hartman and Lindsey 1993). Further inland there is no significant difference
in head between wells completed at the water table and wells completed at the
base of the aquifer, approximately 6 m (20 ft) deeper. Limited data preyent a
clear comparison of vertical heads in the unconfined and shallowest confined
Ringold aquifers.

-3.2.7. Rate of Flow. The rate of groundwater flow can be estimated by using
a form of the Darcy equation with a range of input parameters.

(1)

where:

v = Average linear velocity of groundwater
K = Horizontal hydraulic conductivity
i = Hydraulic gradient
ne = Effective porosity of the aquifer.
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Figure 3.2-18. Water Levels Versus Time in the 100-N Area.
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The following input parameters were used:

K-6. 1 to 36.6 m/d (20 to 120 ft/d) (Gilmore et al. 1992)
i 2 x 10' (1301-N)

1 x 10'_ (1325-N)
4 x 10~- (1324-N/NA)

n- 0.1 to 0.3.

Resulting estimates of groundwater velocity are as follows:

1301-N LWDF: 0.04 to 0.73 m/d (0.1 to 2 ft/d)
1325-N LWDF: 0.02 to 0.37 m/d (0.1 to 1 ft/d)
1324-N/NA: 0.08 to 1.5 m/d (0.3 to 5 ft/d)

The movement of contaminants in groundwater can sometimes be used to
estimate their_velocity. The boundaries and the center of the tritium plume
beneath the 1101-N and 1325-N LWDFs are not well enough defined to estimate
the distance of its movement. Tritium activities fluctuated during the use of
the i-3254 wF, so tere are -no clear ealk activiti-es-t7tr-ace between wells.

There was no apparent movement of the 9*Sr plumes between 1990 and 1993
(Hartman 1991a, 1992a, 1993a; see Figure 3.2-4). This contaminant has a low
mobility in groundwater.

The movement of the sulfate plume downgradient from the 1324-N/NA site
cart provide an estimate of its velocity. The center of the plume was beneath
the 1324-N/NA site in 1990 (Hartman 1991a); it is now near the river (see
Figure 3.2-15). This represents a horizontal distance of at least 460 m
(1,500 ft). The center of the plume could have already migrated past this
area and have disappeared into the Columbia River; thus this estimate should
yield a minimum velocity. Dividing distance by time gives a velocity for
sulfate of approximately 0.46 m/d (1.5 ft/d), which is within the range
calculated from Equation 1.

3.2.7.3 Evaluation of Monitoring Well Networks. Low water levels and
logistical problems restricted sampling of some wells during the past year.
In the 1301-N network, wells N-57 and N-67 were not sampled as frequently as
planned because of low water levels. Groundwater levels appear to have
stabilized. It may be possible to pump samples from the wells, at least
during t-imes- -of -the year when the water table is relatively high. Access to
wells N-2 and N-3 was complicated by their location in a radiation zone, but
the access problem has been solved. At this time the 1301-N network is judged
to be adequate. If there are continued problems while sampling these wells,
the network will be reevaluated.

Well N-43 was added to the 1325-N network in 1993 to monitor the northern
segment of the trench. Access to well N-43 was limited, but a new.road and
gate were installed and the well will be sampled regularly in the coming year.
Well N-81 was installed to replace a dry well. At this time the
1325-N network is considered adequate.

3.2-30
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Well N-59, in the 1324-N/NA network, contains very little water and was
not sampled during the period covered in this report. The well was sampled
with a bailer in October 1993. If samples cannot be pumped from the well,
bai-led samples will be-colleLLC. A+ *64s time the 1324-N/NA network is
considered adequate.
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3.3 100-D PONDS

N. J. Hartman
Westinghouse Hanford Company

This chapter describes groundwater monitoring at the 100-D Ponds, a
Resource Conservation and Recovery Act of 1976 (RCRA) disposal unit located in
the 100-D Area of the U.S. Department of Energy's (DOE) Hanford Site (see
Eigure-l-1, Chapter 1.0). The 100-D Ponds monitoring program began in 1991
and the four wells in the network were sampled for the first time in 1992.
The groundwater-monitorinQ-rogram itdescred -iiniartman it-,j) Background
values have been established and the site is monitored in an indicator
evaluation program.

33.1 -Facility Overview

The 100-D Ponds facility was constructed in 1977 for disposal of
nonradioactive effluents derived from 100-D Area operating facilities. The
100-0 Ponds are located in the former 188-D Ash Disposal Basin. The
100-D Ponds include a settling pond and a percolation pond, separated by a

Effluent to the 100-D Ponds originated from two sources: (1) the
183-D Filter Plant and (2) the 189-D Building engineering testing
laboratories. Some past discharges contained hydrochloric acid, sulfuric
acid, and sodium hydroxide. Before 1986, the effluent may have had pH greater
than 12.5 or less than 270 and, thus may have been dangerous waste. There was
alse apotenti- for-up-te--2-kg-15-1b) of mercury to have been discharged to
the 100-0 Ponds. The 1-83-D Filter Plant--still discharges low volumes of
nondangerous effluent to the ponds (WHC 1990). The current effluent may
include chlorine and flocculating agents such as aluminum sulfate.

The 100-D Ponds are regulated under the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) program.
Groundwater beneath the 100-D Area is considered part of the 100-HR-3 operable
unit. The 100-D Ponds themselves are located in the 100-DR-1 source operable
-unit. Hydrogeoloqic data from CERCIA wells were interpreted in this snctinn
along with data-from-the 100-D Ponds RCRA wells to better understand the
hydrogeology of the 100-D Area.

The-uppermost aquifer beneath the 100-D-Ponds-i-s a sand and gravel unit
in the Ringold Formation (Figure 3.3-2), approximately 3 to 9 m (10 to 30 ft)
thick. This unit corresponds to Ringold unit E (see Sections 2.1 and 3.1).
The base of the aquifer is a fine-grained overbank interval, which is
approximately5 m -(-50-ft)-thick-elsewhere-in-the-100-D-Area (DOE-RL 1993).

3.3-1
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Figure 3.3-1. Groundwater }onitoring Wells Located Near the 100-0 Ponds.
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3.3.2 Summary of 1993 RCRA Activities

The wells in the 100-D Ponds network were sampled in December 1992,
*arch--1993, -and--June 1993. -The first -four -quarters of moni-t-or-ing were
completed during 1993. Indicator parameter data from the upgradient well were
evaluated statistically to determine background conditions, and monitoring
frequency changed from quarterly to semiannually. Water levels were measured
monthly.

A closure plan far the 100-D Ponds was submitted th the regulators in
February 1993 (DOE-RL 1993).

3.3.3 Other Activities in 1993

Hydrogeologic studies for the 100-HR-3 operable unit continued in 1993.
Lindsey-and Jaeger (1993)-describe the-geology-of-the-operable unit, which
includes the 100-D and 100-H Areas and the area between them.

A groundwater impact assessment was prepared for the 100-D Ponds
(Alexander 1993). The study postulated that: (1) concentrations of local
contaminants are diluted by 100-a Ponds effluent; (2) effluent percolates
through backfill/ash and reacts with the lime and periclase in the ash to form
hydroxides; (3) the hydroxides dissociate in the vadose zone and raise the pH
to a slightly alkaline range; (4) less mobile metal cations are retained in
the soil column; and (5) more mobile species are flushed through the system.
The -pands--cotinue ta receive nondangerous effluent at a rate of approximately
984,000 L/mo (260,000 gal/mo).

Wells in the 100-D Area were sampled twice for the 100-HR-3 groundwater
operable unit.

3.3.4 Sampling and Analysis Program

The monitoring program for the 100-D Ponds is described by
Hartman (1991). Four wells are sampled under-RCRA for the 100-D Ponds.
Additional wells are used to monitor water levels. Table 3.3-1 lists the
wells monitored for water levels and/or chemistry for the 100-D Ponds RCRA
program. -he locatians of the wells are shown in-figure 3.3-3.

The RCRA sampling network consists of one upgradient well (D5-131) and
three downgradient wells. Two of the downgradient wells (08-4 and D8-6) are
located adjacent to the 100-D Ponds. The remaining well (08-5) is located
farther from the facility, outside of the ash mounds and nearer the river.
The location of this well was determined in discussions with the Washington
State Department of Ecology, to provide more information on river/aquifer
relationships. Samples are collected and analyzed from well D8-5 but
statistical comparisons to the upgradient well are not performed.

'Well numbers are abbreviated in Section 3.3 by deleting prefix numbers.
Wells in the 100-D Area (e.g., D8-4, D5-13) have the prefix 199-. Wells in
the 600 Area (e.g., 87-55) have the prefix 699-.

3.3-4
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Table 3.3-1. Wells Monitored for Chemistry or Water Levels
-for the 10-D0 Ponds. (sheet 1 of 2)

Well Aquifer sRCRA Water Well OtherWel Auiersamplingc y levels standards networks

199-D2-5.0 Top of unconfined M PRE 100-HR-3

199-D2-6y" Top of unconfined - RCRA 100-HR-3

199-05-12' Top of unconfined -- M PRE 100-HR-3

19 9- 0 -13 9 Top of unconfined SA M RCRA 100-HR-3

199-05-14" Top of unconfined -- M RCRA 100-HR-3
I 9 5 -059 -Top of unconfie --- M RCRA -100-HR-3

199-D5-164 Top of unconfined -- M RCRA 100-HR-3

i 199-D5-17 Top of unconfined - RCRA 100-HR-3

199-VS -8 Tap of unconind -- M RCRA 100-HR-3
U99-'j-' f Topofuncnfined -- M RCRA 100-HR-3

199-D5-20 9  Top of unconfined -- M RCRA 100-HR-3

199-D8-3s7 Top of unconfined -- M PRE 100-HR-3

199-D8-4 1  Top of unconfined SA M RCRA 100-HR-3

199-08-57 Top of unconfined SA M RCRA 100-HR-3

199-D869 Top of unconfinedSA M RCRA 100-HR-3
199-D8-32 Top of unconfined M R 100-HR-3

199-D8-54A Top of unconfined -- M RCRA 100-HR-3
199-08-54la Top of unconfined -- M RCRA 100-HR-3

199-D8-55 Shallow confined -- M RCRA 100-HR-3

699- 7 -5b Top of unconfined I -- J N PRE --

699- 90 -4 5' Top of unconfined -- M PRE --

Cnn 91-4 c92
Top of unconfined M RCRA 100-HR-3

335

699-92-49' Top of unconfined -- M PRE
-92 RCRA 100-HR-3019-93-40 Top of-unca-nrinead M -- 0-H-
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Table 3.3-1. Wells Monitored for Chemistry or Water Levels
for the 100-D Ponds. (sheet 2 of 2)

nl1 -Anu.i4si RCRA Water Well Other
Well I amp1 ng levels standards networks

62 frequency
699-96-4961 Top of unconfined -- M PRE 100-HR-3

699-97-51A Top of unconfined -- M PRE 100-HR-3

Notes: Shading denotes upgradient well in sampling network.
Superscript following well number denotes the year of installation.

'Well 199-08-5 will not be used for detection purposes, per agreement
with the Washington State Department of Ecology.

bThe year of well completion is unknown.
M-- frequency on a monthly basis.

PRE - well was not constructed to RCRA standards.
RCRA - well is in compliance with RCRA standards.

SA = frequency on a semiannual basis; was quarterly until June 1993.

3.3-6
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Figure 3.3-3.- Groundwater Monitoring Wells In and Near the 100-D Area.
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Samples are analyzed for the constituents listed in Table 3.3-2.
Sampling frequency switched from quarterly to semiannually after the June 1993
sampling. Water levels are measured monthly in most of the wells in the
100-D Area and vicinity (see Table 3.3-1 and Figure 3.3-3). Water levels and
results of chemical analyses are presented in quarterly reports
(Hartman 1993a, 1993b, 1993c, 1994).

3.3.5 Groundwater Chemistry

3.3.5.1 Constituents of Concern. The indicator parameters for the
100-D Ponds are: pH, specific conductance, total organic carbon (TOC), and
total organic halogen (TOX) (40 Code of Federal Regulations
-rCF-RT-265.--92fb]f3j).- TOC was-detected in- samples from all four wells in
June 1993. However, the values were associated with laboratory blank
contamination. TOX was not regularly detected and data are in question (see
Appendix A). The pH tends to be higher in the wells immediately adjacent to
the ponds (D-4 and D8-6) than in the upgradient well (D5-13) or the well
further downgradient (98=5) (Figure 3.3-4). This may be due to the influence
of the ash, as discussed in Section 3.3.3 (Alexander 1993). Specific
conductance is lower in the wells nearest the ponds (Figure 3.3-5). This is
likely due to dilution by artificial recharge from the ponds.

Mercury is a dangerous waste constituent that was potentially discharged
to the 100--D Ponds (DOE-RL 1993). No mercury has been detected in 100-D Ponds
downgradient wells.

Nitrate, chromium, and tritium are elevated in the 100-D Area from
sources other than the 100-D Ponds (Figures 3.3-6, 3.3-7, and 3.3-8). Each of
these constituents-is lowest in the-area surrounding the 100-D Ponds. As with
-speci-fic conductance, -this s -ilkely because pond effluent dilutes local
groundwater.

Tritium is elevated in well 87-55, as it has been for many years. The
well is located south of the 100-D Area (see Figure 3.3-3). Tritium-
contaminated groundwater may have entered this location from the 100-N and/or
100-D-Areas when iarqe-qroundwater-mounds-existed-beneath effluent disposal
sites in those areas.

Some metals (e.g., chromium and iron) have been above drinking water
standards in unfiltered samples during the past year, but are not believed to
represent groundwater quality (see Section 2.2.4).

3.3.5.2 Statistical Evaluation. Indicator parameter data (excluding TOX)
from upgradient well D5-13 were statistically evaluated as required by
40 CFR 265.93(b) and Washington Administrative Code (WAC) 173-303-400.
Table 3.3-3 lists background averages, standard deviations, critical mean
values, and upgradient/downgradient comparison values for the indicator
parameters. Supporting tables are included in Appendix C. The
upgradient/downgradient comparison value is the value to which current and
future averages of indicator parameters are compared. The comparison value is

3.3-8
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Table 3.3-2. Constituent List for 100-D Ponds.

Contamination indicator parameters

pH (field and lab) Total organic carbon
Specific conductance Total organic halogen

(field and lab)

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

Arsenic Fluoride Nitrate
Barium Gross alpha Radium
Cadmium Gross beta Selenium
Chromium Lead Silver
Coliform Mercury Turbidity

Site-specific parameters

Temperature
Tritium
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Figure 3.3-4. pH Versus Time in 100-D Pond Wells.
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Figure 3.3-7. Chromium in the Uppermost Aquifer, 100-D Area,
February/March 1993.
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Table 3.3-3. Critical Means Table for 12 Comparisons--Background
Contamination Indicator Parameter Data for the 100-D Ponds.a,b

Upgradient/
Constituent - df Average Standard itia an downgradient

(unit) _ I I background deviation comparison
value

Specific 5 4 7.529 275.90 48.976 679.8 679.8
conductance
f(Amho/cm)

Field-- - 5 -4 -9.-029 - 8.070 I0.101 r n, 9;07-]- -[7 n7 9;7-

Total 5 4 7.529 500 NC NC 800
organic
carbonc
(ppb)

Total NC NC NC NC NC NC NC
organic
halogend
(ppb)

8Data collected from April 1992 to March 1993 for upgradient
wall 1-5-13. Values calculated based on 12 comparisons.

bThe following notations are used in this table:
df - degrees of freedom (n-1)
n = number of background replicate averages
t- = Bonferroni critical t-value for appropriate df and

12 comparisons.
- ritical mean cannot be calculated because of the lack of an estimate

of background standard deviation. The limit of quantitation (based on field
blanks data, 1993) is used as the total organic carbon critical mean (see
Appendix A).

dCritical mean cannot be calculated because of problems associated with
data quality.

NC = not calculated.

generally the critical mean or critical range. The limit of quantitation is
used as the comparison value for TOC instead of the critical mean because all
the upgradient concentrations were below the contractually required
quantitation limit (see Appendix C).

Speci-fic -conductance, -pH, and TOC- values-- for--downgradient- wells D8-4 and
D8-6 were compared to the upgradient/downgradient comparison values. No
downgradient values exceeded the comparison values. Well D8-5 will not be
used for statistical comparisons, per agreement with the Washington State
Department of Ecology, because it is located further from the unit.
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3.3.6 Groundwater Flow

Water levels were measured in wells in and near the 100-D Area each month
during the past year. The water table currently lies approximately 24 m
(80 -fty-beneath land-surface-at th-e -100D Ponds, within Ringold Formation
gravel. Interpretations of groundwater flow are based on water table maps
constructed from the measured water levels.

.3.6.1- Groundwater Flow Direction. Groundwater levels in the 100-D Area
fluctuate-with thestage of the Columbia River (Figure 3.3-9). Seasonal
changes of up to 1 m (3 ft) were observed during the past year in the
100-D Ponds wells.- When river stage is high, water levels in downgradient
WlIS 08=4 and D8-6 can be slightly higher than in upgradient well D5-13.

Figure 3.3-1-shows the water table -In- the 100-0 Area in May 1993 whn
the river stage was relatively. hih. The wells nearest the river
(e.g., D8-53)'-had higher heads than-wells further inland (e.g., D8-3),
indicating- that river water could- flow --into the aquifer. Groundwater beneath
the 100-D Ponds at that time is inferred to flow parallel to the river, toward
the northeast. By June 1993 the water table had reverted to its average
position and groundwater flow was toward the river (toward the north and
-northwest) (Figure 3.3-11).

Vertical gradients are not well known in the 100-D Area. Only one well
is completed below the-top of-the uppermostaquifer. Well 08-548 is completed
in the first confined aquifer in the Ringold Formation, approximately 15 m
(50 ft) below the bottom of the uppermost aquifer. Monthly water level
measurements are inadequate to determine the vertical gradient between these
two wells because of their rapid response to changes in river stage. There
are recent transducer data for the two wells; measurements are recorded
hourly. The data have not been fully evaluated but some preliminary
conclusions-may be drawn. The head in- the deeper- well, -D8-54B, is
consistently higher-than the head in the shallower well, D8-54A, indicating an
upward gradient The differencein head varies -from approximately 0.15 to
0.40 m (0.5 to 1.3 ft). The screen midpoints of the two wells are vertically
22.6 m (74 ft) apart. The upward gradient varies from 7 x 10- to 2 x 10-2.

3.3.6.2 Rate of Flow. The water table is relatively flat between the
upgradient and downgradient wells at the 100-D Ponds. The average gradient
between wells 05-13 and D8-4 from October 1992 through September 1993 was
4 x 10.'.

The rate of groundwater flow can be estimated by using a form of the
Darcy equation with a range of input parameters.

nI (1)
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Figure 3.3-9. Water Level Versus Time in 100-D Pond Wells.
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where:

v = Average linear velocity of groundwater
K = Horizontal hydraulic conductivity
i = Hydraulic gradient
n. = Effective porosity of the aquifer.

The following input parameters were used:

K :-1.2 to 40 m/d (3.9 to130 ft/d) (slug withdrawal; Hartman 1992).
i - 4 x 104
n. - 0.1 to 0.3.

The resulting estimate of groundwater velocity ranges from 1.6 x 10 to
1.6 x 10' m/d (5 x 10 ~' to 5 x 10' ft/d).

-3.3-6.3 Evaluation of Monitoring Well Network. Groundwater flow has not
changed significantly since the 100-D Ponds monitoring network was designed in
1991. The network is still considered adequate to detect contamination from
the ponds.

2 2 1 lf7srn

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous
Waste Treatment, Storage, and Disposal Facilities," Code of Federal
Regulations, -as amended.

Alexander, D. J., 1993, Groundwater impact Assessment Report for the
100-D Ponds, WHC-EP-0666, Westinghouse Hanford Company,
Richland, Washington.
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Wartmian, -W-d:;-- -199-1pGroundater- Moituringq Ian-for- the 100-B Ponds,
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Hartman,_t. J.,_1992. Borehole Completion Data Package for the 100-0 Ponds:
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3.4 183-H SOLAR EVAPORATION BASINS

R. E. Peterson
estinghouse Hanford Company

This report presents information gained during the fourth quarter of 1992
and the first three quarters of 1993 regarding hazardous waste constituents in
-roundwater -- r--Ath the-1&3-H Solar Evaporation-Basins.--Waste constI LUnt
indicators, along with their concentration, spatial distribution, and rate of
migration, are described. The report supplements previous annual reports
(Liikala 198; Hall-1989a, 1990;APeterson 1991,- 1992, 1993).

3.4.1 Facility Overview

The 183-H Solar Evaporation Basins are a Resource Conservation and
Recovery Act of 1976 (RCRA)-regulated treatment, storage, and/or disposal
(TSD) facility.-They are-located besidetheColumbia River in the northern
portion of the Hanford Site (see Figure 1-1, Chapter 1.0). Originally, the
concrete basins were part of a water treatment facility that provided coolant
water to the 105-H Reactor,-which was shut down in 1965. Between 1973 and
1985, they were used to store liquid wastes that resulted primarily from
nuclear fuel fabrication activities conducted in the 300 Area. Volume
reduction occurred by solar evaporation. The waste was predominantly acid
etch solutions that had been neutralized with sodium hydroxide before being
-distcharged-into the-basins (DOE-RL 1991a).- The-acid solutions included
nitric, sulfuric, hydrofluoric, and chromic acids. The waste solutions,
described as supersaturated, contained various metallic and radioactive
constituents.

By the end of 1990, essentially all of the wastes had been removed from
the -basins and transported to the Hanford Site Central Waste Complex for
interim storage. The concrete basin's interior surfaces have been partially
decontaminated. An investigation has been completed to define the extent of
contamination in the concrete and unsaturated- soils beneath the basins. The
results will be used to support decisions concerning final closure under RCRA.
A description of the facility, history of operations, planned cleanup
activities,- and-closure- schedule are presented in DOE-RL (1991a).

Before the basins were used as a TSD facility in 1973, three groundwater
monitoring wells existed inthe_100-HArea,__Well_199-3-1 is located near the
10-H Reactor Ruiiding and is still used to monitor the unc-onfined-aquifer at
-the watertable._ Well_199-H4-2_is located between the 107-H Retention Basin
and the 107-H Liquid Waste Trench; it was drilled into basalt. During
completion, the casing was perforated over a 7.6-m (25-ft) interval near the
water table.._ With time,_the_seal at the deeo end apparently failed.
Subsequently, the water level in the well reached the surface and the well was
capped in 1979r The -well was reconfigured as- a 5-cm- (2-in.-) diameter
piezometer well in March 1993, as part of environmental restoration
activities. It is screened between 113 and 118 m (371 and 386 ft) below the
around surface, and can be used to monitor the uppermost confined aquifer in
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Figure 3.4-1. Monitoring Well Location Map for the 100-H Area.
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-basalt;-which-i-premrUed-to be a flow top-associated-with the-Elephant
Mountain Member. A third well (199-H4-1) was located next to the
1Q7-HRetentiton Jlasin on the basin's east side. It was used between 1952 and
1963 and then abandoned.

-imited grotindwater monitoring --was conducted--during--the operational life
of the-183-H-Solar-Evaporation-Basins, which-spanned from_1973 to-1985. In
1974, a single downgradient well was installed near the eastern wall of the
basins (199-H4-3). In 1983, two additional downgradient wells and one
upgradient well were-i-nstalled. in 1986 and 1987, 18 monitoring wells were
installed in response to a Consent Agreement -and--Compiance- -Order entered into
by the U.S- Department of Energy with the Washington State Department of
Ecology and the U.S. Environmental Protection Agency (EPA) (Ecology and
EPA 1986). These wells were built to RCRA standards and most monitor the
unconfined aquifer at the water table. A groundwater monitoring plan was
prepared to describe the installation of these wells (PNL 1986). An index map
showing all existing wells in the 100-H Area is shown in Figure 3.4-1.

The current groundwater monitoring program is being conducted under
interim-status regulations (40 Code of Federal Regulations [CFR] 265). It is
an assessmentfleve]_program (Para. 265.93{d])._-The_183-H Snlar Evaporation
Basins are located within two Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA)-requlated operable units.
Operable unit-100-HR-1 addresses -surface -sources- of corrtamination and i00-HR-3
addresses groundwater contamination. Work plans for each of these operable
units are available (DOE-RL 1991b and 1991c, respectively). If groundwater
monitoring or remediation activities become part of RCRA closure requirements
for the basins, those activities will be coordinated with environmental
restoration activities under CERCLA.

A comprehensive description of 100-H Area stratigraphy is presented in
Lindsey_(992 and 1993).-_Briefly, the unermost portion of the-unconfined
aquifer in the 100-H Area resides in glacial flood deposits. The saturated
portion of these deposits ranges in thickness from 2 to 6 m (6 to 18 ft)
(Peterson and Connelly 1992). It consists of unconsolidated sands and
gravels, referred to as the "Hanford formation." An erosional unconformity
separates tis-hydrogeologicun-i-t from the more- consolidated fluvial sands and
overbank deposits of the underlying Ringold Formation. The contrast in
hydraulic conductivity across this unconformity, i.e., lower conductivity with
increasing depth, acts as a barrier to downward migration of contaminants.

3.4.2 Summary of 1993 RCRA Activities

Routine monitoring of the groundwater plume attributable to 183-H Solar
Evaporation Basins' waste continued during 1993. Quarterly sampling was
conducted for most wells in the network. Three wells located near the basins
on the-downgradient-side-were-sampled-monthly-to provide enhanced -monitoring
near the original source of contaminants. Monthly water level measurements
were made in all wells in the 100-H Area. A noticeable increase in the
concentrations of 183-H waste indicators in groundwater occurred during 1993.
While the cause of this change is not fully understood, it is not believed to
be the-result of-any-activities within the basins or to the releosc of new
effluents (see Section 3.4.5.1).
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3.4.3 Other Activities in 1993

In addition to RCRA groundwater monitoring activities, several other
groundwater investigations were underway during 1993 in the 100-H Area.
-Semiannual sampling of selected wells continued under the-CERCLA remedial
investigation for the 100-HR-3 operable unit. A limited field investigation
report (DOE-RL 1993b) was completed that describes the initial results of the
remedial investigation and a qualitative risk assessment for groundwater
contamination.

Also, investigations to characterize the interaction between the Hanford
Site unconfined aquifer and the Columbia River are being conducted in the
-10-HR-3 operable--unit. Hourly water level- measurements- are -being obtained
from eight wells and a river stage recorder to show the influence of daily and
weekly river stage fluctuations on the water table (Campbell et al. 1993).
Specific conductance and temperature are being recorded hourly at the
100-H Area river station, within a riverbank seepage area (seep #153-1), and
at nearby well 199-H4-11. The latter data clearly reveal the influence of
bank storage of river water on groundwater quality within the first several
hundred feet of the shoreline. Samples of riverbank seepage were obtained
from several locations along the 100-H shoreline and analyzed for hazardous
waste indicators. Nearshore sediment samples were collected and analyzed
also.

3.4.4 Sampling and Analysis Program

The initial RCRA groundwater monitoring plan for the 183-H Basins was
prepared by Pacific Northwest Laboratory (PNL 1986). Subsequent changes to
the monitoring activities are described in quarterly and annual RCRA reports
(see Chapter 1-. for a full list of available reports), in the closure plan
for the facility-(DOE-RL a19U), and in annual statements of work to PNL for
sampling and analysis support.

3.4.4.1 Monitoring Well Network. Currently 31 groundwater monitoring wells
are available for use in the 100-H Area (see Figure 3.4-1). Twenty-three of
these wells are within the groundwater flow path that is pertinent to
monitori-ng contamination from the basins. Table 3.4-1 summarizes the
characteristics and RCRA sampling schedules for these wells. Many are jointly
used by other programs, including the 100-HR-3 remedial investigation and the
Sitewide Environmental Surveillance program.

Most of these wells are constructed to RCRA standards with stainless
steel casings and screens, annular seals, and protective pads around the
surface casing. Several wells were constructed before the adoption of RCRA
standards and have carbon steel casings with either a perforated or screened
open interval. The pre-RCRA standards weils have no annular seal and did not
have a protective pad--at- the surface until 1987. They include wells 199-H3-1,
199-H4-3, 199-H4-4, 199-H4-5, and 199-H4-6. The "B" and "C" series wells
monitor relatively deeper levels in the unconfined aquifer. All network wells
have dedicated HydroStari pumps for purging and collecting -samples.

'HydroStar is a trademark of Instrumentation Northwest Incorporated.

3.4-4
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Table 3.4-1. Monitoring Wells in 183-H Solar Evaporation Basins Network.

Well no. Hydrologic unit Sampling Well Other
(199-) --- mon-itord -frequencya standards networks

H3-11 0o Top of unconfined Annually PRE HR3, SES

H3-2A1986  Top of unconfined Quarterly RCRA SES
H Top of unconfined Annually RCRA SES

H3-Cie jMid-depth unconfined Quarterly RCRA --

H4-1o Tp of unconfined Annually RCRA HR3

19-876 Top of unconfined-- Quarterly -RpA --

H4-12A

H4-12B19"

Tnn of unconfined

Tnp Cf :unlLnfined

-Quarterl

s.IIIUGlGy

RC RA

RC RA

SES

SES
H4-12C19" Mid-depth unconfined Quarterly RCRA SES

H4-13" Top of unconfined Annually RCRA HR3

H4-149 Top of unconfined Quarterly RCRA --

-A...pf rn.nfjned - - - Quarterly RCRA HR3

H4-i5&B' Top of unconfined Annually --- RCRA SES
1986 .t c*i - nrn. --4-1SCq Bottom of unconfined Il RCR--

H4-15CrWM Mid-depth unconfined NS RCRA --

H4--15Cs 986

H4-161987

Mid-depth unconfined
Top of unconfined

NS

Annually
RCRA
RC RA HR3, SES

j44;17 1y' Top of unconfined Annually RCRA HR3, SES

H4-18 Top of unconfined Quarterly RCRA SES

-14- 3 194Top-of unconfined Monthly PRE -H4-183 Top of uncanfined

U4-48p of unconfined Monthly PRE SES, DOH

H4-5 198 Top of unconfined Quarterly PRE --

H4-7"0

io Pof. unconfin d
Top of unconfined

Quarterly
Quarterly

PRE
RCRA SES

H4-9'6 Top of unconfined Quarterly RCRA SES

H4-91986 Top of unconfined Monthly RCRA SES

Notes:
Shading denc

'Water
-DOH =
HR3 =

NS =
PRE =

RCRA =
SES =

Superscript follow
tes upgradient well
levels are measured

ing well number denotes year installed.

monthly in all wells.
Washi-ngton State Department -of Health.
100-HR-3 groundwater operable unit.
not sampled (piezometer).
constructed before RCRA standards.
in compliance with RCRA construction standards.
Sitewide-Environmental Surveillance Program (Bisping 1993).
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3.4.4.2 Sampling and Analysis Schedule. The sampling schedule for the
network includes quarterly sampling of wells that are used to define the
extent of contamination and upgradient conditions. Additionally, monthly
sampling is conducted in selected wells located immediately downgradient of
the basins to provide enhanced monitoring during final decontamination and
closure activities. Annual sampling of wells in the vicinity of the basins,
-but nt-drctly irrthe--flowpath under the basins, is conducted to provide
1004 Area baseline-data.-- e-constituent list-for samples collected is
s,,mmried in Tabln 3.4=2.

Water levels are measured using a steel tape at monthly intervals. Water
i eves also are recorded whenever a wel iis sampled. A river stage recorder
and several well transducer/data logger installations, which are operated
under the CERCLA program, provide water level measurements at 1-hour
intervals. The data from these efforts are used to help explain the temporal
-variability observed in 100-H-Area groundwater quality, particularly in wells
near the river. They can also be useful in helping to determine the transport
of contaminants in groundwater toward the river.

3.4.5 Groundwater Chemistry

Indicators for 183-H Basins waste constituents in groundwater include
nitrate, sulfate, sodium, gross alpha, and gross beta. As described in the
facility closure plan (DOE-RL 1991a, pp. I-8 to I-10), nitrate and sulfate
ions represent the largest amounts, by weight, of routine waste discharged to
the basins. Sodium was common in the waste because the acid solutions
discharged to the basins were neutralized with sodium hydroxide. Both uranium
and technetium were present in the waste; they are the presumed source for
gross alpha and beta activities, respectively. Chromium used to be a fairly
good indicator in groundwater when contamination levels were higher than
present levels. It currently does not help to define the 183-H Basins' plume
because it is masked by a more widespread chromium plume that apparently has
multiple sources (Liikala et al. 1988, pp. 125 and 146).

3.4.5.1 Concentration Histories of Waste Indicators. Well 199-H4-3 was the
only well available to monitor operations at the basins during their period of
active use, which was from 1974 to 1985. Water samples were obtained fairly
regularly from the well and a limited suite of analyses were run on the
samples. Waste indicator constituent concentrations for this well, grouped by
anions, metals, and radioactivity (Figures 3.4-2 through 3.4-4), reveal
several significant features. The high levels for these constituents during
1978 are assumed to have resulted from leakage from Basin #1. Waste was
subsequently transferred from that basin to adjacent basins, whose integrity
had been improved by the addition of various liners to their concrete walls.
A second peak is apparent during 1986 (see Figure 3.4-2) and was probably
associated with cleanup activities in Basin #1.

3.4-6
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Table 3.4-2. Constituent List for the 183-H Solar Evaporation Basins.

EPA Interim Primary Drinking Water Standards (265.92[b][1], App. III)

Arsenica Nitrate 2,4-Da
Barium Seleniuma 2,4,5-TP Silvex8
Cadmium Silver Radiuma

I Chromium Endrino Gross alpha
Fluoride Lindane8  Gross beta
Lead8  Methoxychlor" Turbidityb
Mercury' Toxaphene8  Coliform bacteria

-Groundwater Quality Parameters (265.92[b][2])

Chloride Manganese Sodium
Iron Phenolsa Sulfate

Contamination Indicator Parameters (265.92[b][3])

pH Total organic carbon
Specific conductance Total organic halogen

Site-Specific Hazardous Waste indicators-(265-93[d[3][ii])

Chromium Nickel Technetium-99
Copper Nitrate' Uranium
F!luoridri Sod iiumC Gross alnhac

Manganese Sulfate Gross betac

'Not detected from 1985 to 1989. No longer included in quarterly
assessment of olume.

b0 nly required for surface water bodies.
CBest current indicators to define plume.

3.4-7
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Figure 3.4-2.
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Figure 3-A-3. Sodium and Chromium Concentrations in Well 199-H4-3.
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Figure 3.4-4.

2

4~

15

2
(A
(I

500 -

450

00 P

350-

300

250

200

150

100

Gross Alpha and Gross Beta Concentrations in Well 199-H4-3.

0

0

00

0

0

0

Gross Alpha
0 199-4413

OWS - 15pCi/L 2

0-

0-

0 0
0

0 (:~

00

0
-

1974 1976 1978 1980 1982 1984 1986
Basins in Operation

1800

1988 1990 1992 1994

0

O 0

0

~0
0~

0

0 -

0 0 r-

00
a 0
oo 00 00

00 0 OnQ 0
0 00 00

0

0 00
, , ii

0 0

0

CGross Beta
0 1 99-H4-3

DWS = 50 pCi/L

0

0 0 10 2

0

4-)

o~ £

000
ILL

1974 1976 1978 1980 1982 1984 1986 1988 1990

- -Basins in-Operation -

0-

1600 F-

1400

1200
a.

1000

800

S600

400

200

1992 1994

3.4-10

50

(DrO.



DOE/RL-93-88. REV. 0

In recent years, groundwater concentrations of the various waste
indicatarsAhave steadily declined since the neaks of 1986, with several
exceptions. During the last half of 1990 and first half of 1991, the sampling
and -analysis program-was interrupted by analytical laboratory--problems. When
sampling resumed, concentrations of waste indicators in wells within the
-contaminant-plume- were- higher-than the-previously- established trends. The
cause--for-this-1nay-have been an atypically high water table during that period
(Peterson 1993, pp. 3-3 and 3-4).

During 1993, concentrations of site-specific waste indicators exhibited a
distinct increase in three of the four wells that intercept the plume.
Figures 3.4-5 through 3.4-7 illustrate these changes for 183-H waste
indicators. --These increases do not occur simultaneously in the plume wells,
but appear first in well 199-H4-3 and progress to well 199-H4-9, then on to
Me_199-4-_4,- which is located several hundred feet downgradient of
well 199-H4-3.

-- The cause-for the increases in- waste indi-cators is not apparent. No
known activities were conducted in or around the basins during 1993 that would
have released liquid effluent to the soil column. The changes are most
noticeable in well 199-H4-3, which is adjacent to the basins on the
downgradient side. Chemical and radiological constituents are summarized for
this well in Figure 3.4-8.

While previous changes in indicator concentrations in plume wells appear
to be related to a fluctuating water table (Peterson 1990), that does not
explain the current changes. Turbidity has increased in many network wells
during 1993 and the timing of this change correlates with the increased
concentrations of waste indicators. Figure 3.4-9 illustrates the correlation
between the onset of increases in waste indicator constituents and turbidity,
and the absence of correlation between constituent changes and water level
changes. Also, the spatial distribution of turbidity does not correspond to
the inferred extent of the 183-H plume, so turbidity by itself does not
provide a complete explanation.

However, whatever is causing the increased turbidity may also be causing
the increases in waste indicators. Turbidity could be the result of excessive
pumping rates to purge the well before sampling, although field records do not
suggest that this has occurred. _Breakthroughiof fitte-arained narticles that
have accumulated in the sand pack around the well screen may be occurring,
indicating the need for redevelopment of the well. Either of these mechanisms
would explain elevated metals and radionuclides in unfiltered samples, but
wouldn't necessarily result in elevated dissolved constituents that aren't
associated with particulates, such as nitrate and sulfate.

The cause for these changes in water quality near the 183-H Basins is
still under investigation. It is not thought to be related to basin
operations.

3.4-11
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Figure 3.4-5. Nitrate and Sulfate in 183-H Basins Plume Wells.
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Figure 3.4-6. Sodium and Chromium in 183-H Basins Plume Wells.
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Figure 3.4-7. Gross Alpha and Gross Beta in 183-H Basins Plume Wells.
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rigure 3.4-8. Recent Chemical and Radiological Changes in Wei 199-H4-3.
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Figure 3.4-9. Waste Indicators, Turbidity, and
Water Levels in Well 199-H4-3. (sheet 1 of 2)
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3.4.5.2 Distribution of Waste Constituents. Maps showing the concentrations
of key waste indicators,- i.e.,nitrate, sulfate, sodium, gross alpha, and
gross beta, are presented in Figures 3.4-10 through 3.4-14 to illustrate
July 1993 conditions. While several wells adjacent to the basins are elevated
in these waste indicators, a well-defined plume is more difficult to discern.
Consequently, a dashed line is used to show the inferred extent of the
183-H plume, based on previously defined plume boundaries, because recent
increases in waste indicator concentrations have made contouring values
somewhat uncertain with regard to current plume boundaries (see
Section 3.4.5.1). Wells 199-H4-3, 199-H4-4, 199-H4-9, and 199-H4-12A have
been described previously as intersecting the plume (Peterson 1993) and the
dashed line on the maps is based on previously drawn plume boundaries.
Distribution data for 1993 suggest that well 199-H4-18 may now be influenced
by the plume also.

The distribution of chromium in 100-H Area groundwater is shown in
Figure 3.4-15. This chromium has several potential sources, including
183-H Basins waste. A description of the chromium plume in 100-H Area
groundwater is presented in Peterson and Connelly (1992). Their three-
dimensional model suggests that the volume of water containing chromium above
10 -ppb 4s roughly 500,000-111 (132,000,000 gal). The mass of chromium
-contained in that volume is approximately 40 kg (90 lb). Relative to the EPA
drinking yater standard of 100 ppb, the volume of water affected is roughly

-200$000 m (53,00-0,00-gal)-,- and- thE m-s approximately- 25 kg (55 ib).

Peterson and Connelly (1992) ran volume and mass calculations for data
sets representing-1988, 1990, and 1992 conditions. The results show a slight
increase with time for both the volume of water affected and the mass of
chromium contained in the plume. They offer three possible explanations.
First, residual chromium held on the soil column may have been remobilized
during the relatively high-water-tables that-were-present-during_1990-and
1991. Second, chromium-bearing groundwater from the west or northwest appears
to be migrating into the 100-H Area. Finally, an unknown source of chromium,
such as buried piping or storage tanks, may be continuing to add to the plume.

Turbidity measurements for July were also plotted in an attempt to
explain the rise in waste indicator constituents that occurred during 1993
(Figure 3.4-16). Elevated turbidity in the well network does not correlate
-with -the 183-H groundwater plume. -However, whatever is causing an increase in
turbidity in 100-H Area wells may also be the explanation for the 1993
increases in waste indicator concentrations (see Section 3.4.5.1).

-=- Tm-d = -conclusive- evidence- for downward migration of 183-H Basins
waste constituents within the unconfined aquifer has been found. Two clusters
of wells, which are sampled at three different depths, are used to confirm
that 183-H waste constituents are not migrating downward. Three-well clusters
at upgradient well 199-H3-2 and downgradient well 199-H4-12 each have a well
screened at the water table (designated A), just below the Hanford/Ringold
contact (B), and at mid-depth in the Ringold Formation (C). A third cluster
at well 199-H4-15 has completions at similar depths (A) and (B); however,
well 199-H4-15C contains multiple piezometer tubes that are used only for
water level measurements.

3.4-18



UUE/RL-93-88, REV. 0

Figure 3.4-10. Nitrate Distribution Near the 183-H Basins, July 1993.
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Figure 3.4-11. Sulfate Distribution Near the 183-H Basins, July 1991.
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Figure 3.4-12. Sodium Distribution Near the 183-H Basins, July 1993.
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Figure 3.4-13. Gross Alpha Distribution Near the 183-H Basins, July 1993.

Gross Alpha - July 1993

-. C S a as(p C i/ L

-. x RCRA Standards Well

09, '..A Pre-RCRA Standards Well

o CERCLA Well - FY92

U9 -- ,Inferred Plume

(Well Prefix 199-)

Plant Coordinate System (Feet)

4.0* 1.6 0 250 500 Feet
I I I

0 100 Meters
1.9.

-Nre cn 3.30 9.3, 4329
_ A5.2 3.4* -1

- -- 183,H qnlnrrT-j A 14.2' A -
Evaporation 244

Basins o-~

N96000 2.3 & * u1 i
14.2k

3.

N95500 -.- - 2

CC
500. I l l2.0

A

Ng00 Uk 0 LJ 0

C 0

IIIL

RCRA-AR\122993-I

3.4-22

e_



DOE/RL-93-88, REV. 0

--Tigure 34-14. Gross Beta Distribution Near-the183-H Basins, July 1993.
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Figure 3.4-15. Chromium Distribution Near the 183-H Basins, July 1993.

-. Chromium - July 1993
(ppb)

.- . RCRA Standards Well

A Pre-RCRA Standards Well
[Nal500

o CERCLA Well - FY92

51 Inferred Plume

* Estimated from Trend

N97000 (Well Prefix 199-)

140. I 110 - Plant Coordinate System (Feet)

0 250 500 Feet

130 A I
N95-'200 \V\ 0 100 Meters

- _gqlar 120-0
-- Evaporaton LL I -

Basins
0+/ ± -N-

N96000 A66 5 *170 130*
10.

N95500 O_ u*73_

O u* "
NC

A 0 10*10

r 035*

N94500

0 30*
8; j

C AR 0\ 200 0 0

RCSA-AR\12299l-F

3.4-24



DOE/RL-93-88, REV. 0

Figure 3.4-16- Turbidity Distribution Near the 183-H Basins, July 1993.
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Waste indicator constituent concentrations are plotted for cluster
well_199-H4-12, which is on the northern edge of the plume (Figures 3.4-17
through 3.4-22). None of the plots except chromium (see Figure 3.4-20)
suggest downward migration of constituents to the mid-depth level in the
Ringold Formation (-12C). Even near the Hanford/Ringold contact, the data
from the uppermost well (-12A) in the Hanford sediments generally show higher

-concentrations than-in the well immediately below the contact (-128).

The chromium concentrations in cluster well 199-H4-12 are anomalous (see
Figure 3.4-20). While the 199-H4-12A and 199-H4-12B wells show a historical
trend that is representative of the 183-H plume, well 199-H4-12C is anomalous
and probably not representative of aquifer conditions for several reasons.
First, no other 183-H waste indicators are similarly elevated in this well.
Second, field screening samples-bailed from the piezometer tubes in nearby
mid-depth well 199-H4-15C do not show elevated chromium levels. The
background level for chromium at this depth in the aquifer is expected to be
much lower and in the range observed in mid-depth well 199-H3-2C
(Figure 3.4-23). The high chromium observed in well 199-H4-12C may be
associated with some artifact of well construction, such as corrosion
associated with stainless steel well screens (Hewitt 1994).

3.4.6 Groundwater Flow

Groundwater flow direction may be inferred from water table contour maps,
from the shape of contaminant or other plumes, and by direct measurement in
wells. The rate of flow can be estimated from water table gradients, using
the Darcy flow relationship; from the migration rate of tracers between wells;
and by direct measurement in wells. All of these methods have been used in
the 100-H Area to describe groundwater flow.

3.4.6.1 Groundwater Flow Direction. Water table contours for August 9, 1993
are shown-in Figure 3.4-24. The contours indicate that the potential for
horizontal flow through the 100-H Area is generally to the northeast and
nearly perpendicular to the river channel, with a slight deflection of the
flow lines towards the downriver direction. This downriver component is
revealed by -water levels in--wel-s located near -the- shoreline where levels
decrease-in -a downstream-direction.- The August -contours-reflect average water
table--c-haracteristics for the year. A river hydrograph for the 100-H Area is
included as Figure 3.4-25 and shows the seasonal variability to be expected in
the water table near the shoreline.

Daily, weekly, and seasonal river level changes create short-term
variability in flow patterns. High river levels reverse the hydraulic
gradient near the river because of the elevation difference between river
level and-the water table. The normal flow of groundwater towards the river
is-tretarded and effecivly dammed -by high river levels. River water moves
into the river bank to a greater or lesser degree, depending on the height and
duration-of the-river level. The influx-of river water probably overlies
groundwater rather than completely mixing with groundwater. Direct field
evidence for this is being sought as part of groundwater/river interaction
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Figure 3.4-17. Nitrate in Wells 199-H4-12A, 199-H4-12B, and 199-H4-12C.
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Figure 3.4-18. Sulfate in Wells 199-H4-12A, 199-H4-12B, and 199-H4-12C.
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-Figure 3.4-19. Sodium in Wells 199-H4-12A, 199-H4-12B, and 199H4-12C.
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Figure 3.4-21. Gross Alpha in Wells 199-H4-12A, 199-H4-12B, and 199-H4-12C.
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Figure 3.4-22. Gross Beta int Wells 199-H4-12A, 199-H4-12B, and 199-H4-12C.
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Figure 3.4-24. 100-H Area Water Table Map for August 9, 1993.
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investigations being conducted--under the -environmental -restoration program
(DOE-RL 1993a, Subtask 1A, "Characterization of 100 Area Contaminated
Groundwater Inputs"). When the river level falls, the river water stored in
the bank flows back towards the river, and groundwater resumes its flowt1s _ river under a more typical gradient.
L1UWdrUb l LIIV~unetyiagrdn.

The potential for vertical flow within the uppermost unconfined aquifer
system is generally upward, although the direction can be reversed at the
shallowest levels, in response to seasonal oscillations in the water table
that are induced by river levels. At mid-depths in the unconfined aquifer,
the potential for flow is upward, as indicated by data from well 199-H4-15CR.
Vertical flow from the confined aquifers near the base of the Ringold
Formation and upper Columbia River basalt units is upward. Evidence for this
-comes from flowing conditions at wells 199-H4-2 and 199-H4-15CP, both of which
are-completed in--the--uppermost basalt aquifer.

3.4.6.2 -Rate of Flow. No new-i-nformat-ion on the plume's rate of movement has
been developed during 1993. The rate of migration of waste constituents has
been previously-stimated using the following methods: (1) numerical flow
models, (2) the Darcy equation for flow through porous media, (3) by analyzing
time delays in the downgradient migration of waste indicator "pulses," and
(4) by directly measuring speed and direction using an instrument lowered into
a well.

Computer modeling based on an initial, limited water level data set
indicated an average velocity of 0.31 m/d (1.0 ft/d) (Liikala et al. 1988).
-An-est-mate based on the migration of a single nitrate pulse suggested a value
of 0.6 m/d (2 ft/d) (Hall 1989b). Darcy equation flow velocities calculated
using observed water table gradients can easily accommodate values between
0.3 and 6 m/d (1 and 20 ft/d), depending on the hydraulic conductivity and
effectivs porosity assumed in the equation (Peterson 1991)- Analysis- of the
migration rate of nitrate pulses in two pairs of wells downgradient from
183-H Basins over a 3-year interval suggested rates of 2.56 to 4.82 m/d
(8.4 to 15.8 ft/d) (Peterson 1992). Nitrate travels at essentially the same

----rate as-groundwater flow-,because-that constituent is not sorbed onto
sediments or- reduced appreciably-by chemical -reactions or other attenuating
phenomena. In October 1992, a downhole instrument was used to measure

-- groundwater-flow-velocity directly in well 199-H4-48. The results indicated a
flow velocity of 1 m/d (3 ft/d) towards the northeast, which is consistent
with other evidence for flow rate and direction in the vicinity of this well.

3.4.6.3 Evaluation of Monitoring Network. Monitoring well coverage around
the=l83- W=asinsisvdeemed adequate to detect An delineate a groundwater
contamination plume emanating from the basins. The network meets the minimal
requirements of 40 CFR 265, Paragraph 265.91, for a groundwater monitoring
system. The--number and placement of wells-has been-described in a groundwater
1atorting rh (PNL-it96FY-th attrs@en raviewed by -regu latory agencies. The
initial sampling and analysis program for these wells is described in that
plan, and updates to the sampling and analysis program are presented in
quartprlv and annual RCRA reports (see Chapter 1.0).
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4.0 200 AREAS

4.1 HYDROGEOLOGIC SETTING OF THE 200 AREAS

B. H. Ford and S. J. Trent
Westinghouse Hanford Company

The 200 Areas encompasses a large region central to the Hanford Site.
With-in the 200 Areas aretb -200-West-Area and the 200 East Area where nuclear
fuel processing plants and various waste management facilities exist.

Much of the hydrogeologic data and information presented in this section
are -from -the 200-West Groundwater Aggregate Area Management Study Report
(DOE-RL 1993b) and the 200 East Groundwater Aggregate Area Management Study
Report (DOE-RL 1993a). These documents were drafted to support the recently
-completed 200 Aggregate Area Management Study (200 AAMS). A primary objective
of the 200 AAMS was to collate and evaluate all available 200 Areas
-environmental dat-a. ydrogeologic data collected and -evauated-in the
-n A RAMC ------ mnc

010 AAS rep ts have resulted in tho mt current understanding of the
200 Areas hydrogeology. Other more recent reports and references have been
used to supplement information-extracted from-the -200 AAMS reports. These
additional sources are referenced where appropriate.

4.1.1 Physiography and Topography of the 200 Areas

The 200 Areas are situated on a broad plateau commonly referred to as the
200 Areas Plateau. The 200 Areas Plateau is located in a synclinal flexure in
-the-Columbia River-Basatt Known as the Cold Creek syncline. Land surface
elevation for the 200 Areas Plateau ranges from approximately 200 to 230 m
(656 to 755 ft) above mean sea level. The plateau decreases in elevation to
the north, northwest, and east with elevation changes between 15 to 30 m
(49 to 98 ft) near the plateau escarpments to the north.

The 200 Areas Plateau is formed primarily by the Cold Creek bar, an east-
west trending depositional feature that developed as a result of large-scale
flood events associated with periodic -catastrophic -draining of -ancient Lake
Missoula during the Pleistocene Epoch. The northern extent of the 200 Areas
Plateau is defined by the Gable Mountain-Gable Butte anticline complex and two
major northwest-southeast trending flood channels. In addition to these main
-channels1 -a north-south, -trending-secondary flood-channel-transects-the
200 West Area. The geomorphology to the south the 200 Areas is dominated by
the Cold Creek-Dry Creek alluvial plain and Holocene sand dune and sheet sand
deposits. Holocene sand dunes and sheet sands also dominate to the east of
-the 20G-Areasi wMle to the-west the Cold Creek-Dry Creek alluvial plain and
bergmounds deposited during the Lake Missoula catastrophic flood events
dominate the landscape. The geographic relationship of these landforms in and
surrounding the 200 Areas is illustrated in Figure 4.1-1.
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Figure 4.1-1. Geographic Features Surrounding
(modified from Last et al. 1989).
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4tLZ Geology and Stratigraphy - the 200 West Area

-Geologic and-stratigraphic characteristics distinctive of the 200 West
area are provided in this section. Significant stratigraphic characteristics
including thickness variations, dip trends, and spatial relationships are also
provided. Stratigraphic units of significance in the 200 West Area include:
(1) Elephant Mountain Member of the Saddle Mountains Basalt; (2) Ringold
Formation including units A, E, lower mud sequence, and upper Ringold;
(3) Plio-Pleistocene/"early" Palouse soil interval; and (4) Hanford formation.
Detailed geologic cros sections for the 200 West Area are provided in

gumrne A ..- +krnugh 4.1-5.

41.-21 Elephant Mountaii Member.- The Elephant Mountain Member of the Saddle
Mountains Basalt is--continuous throughout the-200-West Area. This basalt flow
ranges- from-160 to 182 m (525 to 597 ft) in depth below ground surface with a
gentle structural dip to the south and southwest. Average thickness of the
Elephant Mountain Member beneath the 200 West Area ranges from 18 to 36 m
(59 to 11A ft).

-_ Studies conducted to date do not indicate the presence of faults or
significant fracture systems in the Elephant Mountain Member beneath the
200 WestArea- _Generally basalts_ are_ composed of various interflow structures
that affect their geologic and hydrologic characteristics. Data on these
features for the Elephant Mountain Member specific to the 200 West Area are
not available.

4.1-2.2 -Ringold Formation. Beneath the 200 West Area the Ringold Formation
is composed of fluvial gravel unit A, the lower mud sequence, fluvial gravel
unit -E,- and the--Upper Ringoldunit. -- fluvial gravel unit A directly overlies
t--ElephMant-Mountai tember.- fluvial gravel- umit-A i s-tcomposed- primarily of
gravels with some- intercalated sand-and silt lpnwss in the western and
southern portions of the 200 West Area. Thickness of the unit increases to a
maximum of 30 m (98 ft) to the south. The unit thins to the north and pinches
out just north ofithe 00 West fence line. This unit is continuous beneath
the 200 West Area.

--The fine-grained-acustrine-deposits of the lower mud sequence are found
overlying fluvial gravel unit A throughout most of the 200 West Area,
excluding-the northeast corner of the 200 West Area where it pinches out. The
lower mud sequence exhibits an-irregul-ar structural surface and reaches a
max4mumthickness nf 34 m (111-ft)-in the west-central portion of the 200 West
Area.

Overlying the lower mud sequence is fluvial gravel unit E. This unit is
contimmsusthroughout the 20 West-Area and displavs a wide variation in
thickness and structural orientation. The thickness of unit E varies from
107 m (351 ft) in the north to less than 55 m (180 ft) in the southwest
portion of the 200 West Area. Fluvial gravel unit E exhibits an irregular
structural surface with several highs in the northern and southern portions of
the- 200- West Area ad Cvcrai lows in the central portion.

4.1-3
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Figure 4.1-2. Legend for Geologic Cross Sections.

Explanation

Grain Size Scale, Indicates
Dominant Grain Size in an Interval

rM

Cobble-boulder Gravel
-Pebulle Gravel
Sand
Clay/Silt

Additional Lithologic Symbols
Includes Subordinate Lithologies

Paleosols

Ringold Ciast Supported Gravels

Open Framework Hanford Gravels

Laminated Muds

Basalt
Other Symbols

Formational contact, ? where inferred
Unit contact, ? where inferred
Water Table Elevation (December 1991)

Unit Abbreviations
Hc - Upper Coarse Unit, Hanford formation
Hf - Lower Fine Unit, Hanford formation
EP - Early "Palouse" Soil
PP - Plio-Pleistocene Unit
UR - Upper Unit, Ringold Formation
E - Gravel Unit E, Ringold Formation
LM - Lower Mud Sequence, Ringold Formation
A - Gravel Unit_ A Ringold Formation

Blank portions of cross section well logs represent sediments
'dom7n0ntly sand) which do not fit into sediment categories
depicted by symbols listed above.
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Figure 4.1-3. Location of 200 West Area Geologic Cross Sections.
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Figure 4.1-4.
Geologic Cross

~200 West Area
Section A-A'.
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Figure 4.1-5. ZOO West Area
Geologic: Cross Section B-B'.
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The upper unit of the Ringold Formation is present only in the western,
northern, and central portions of the 200 West Area. The structural surface
generally dips to the south-southwest where the upper unit is present. The
upper unit reaches a thickness of 14 m (46 ft) or more in the central and
northwest portions of the 200 West Area.

-.-2.3- R-lo stocne/"Early" Palouse Soil Interval. The Plio-Pleistocene
unit beneath-the 200 West Area-is composed primarily of the carbonate-rich
paleosol facies. A high degree of variation in the texture and composition of
this unit is common beneath the 200 West Area with carbonate-rich and
-carbonate-poor lithologies often intercalated. The Plio-Pleistocene unit
pinches out near the northern, eastern, and southern boundaries of the
200 West Area. Thickness of the Plio-Pleistocene unit is irregular and varies
significantly throughout the 200 West Area. The unit is thickest in the
southeast, southwest,-and north-central parts of the 200 West Area while it
thins in the south-central and central portions. In general, the unit dips to
th-south-and southwest. --Undetected -erosional -windows may -be -present in-the
Plio-Pleistocene unit in areas where the unit is unusually thin. In addition,
fracturing in the carbcnat--r-kh zones may be a significant hydrologic feature
of the Plio-Pleistocene unit.

The "early" Palouse soil is largely restricted to the vicinity of the
200 West Area. Identification of the "early" Palouse soil in the subsurface
is difficult because of the textural and compositional similarities to the
silt-dominated facies of the overlying Hanford formation. It is likely that
the silt-dominated facies of the Hanford formation has been erroneously
identifiad as the"aarly" Mouse soil in some portions of the 200 West Area
(Rohay et al. 1993).

4.1.2.4- Kanford Formation.--In-the-200-West Area the Hanford formation has
been subdivided into two units based on texture and clast grain size. These
units are referred to as the lower fine-grained unit and the upper coarse-
grained unit. Neither of these units are laterally continuous in the 200 West
Area, and both typically exhibit a significant amount of textural
heterogeneity. The aggregate thickness of these units ranges from 10 to 75 m
(33 to 246 ft) and generally thickens from north to south.

The lower fine-grained unit is primarily composed of silt, silty sands,
and sands. The silt and silty sands display successions or packets of fining
upward sequences. These fining upward sequences are generally analogous to
textural features-characteristic of the-silt-dominated facies of the Hanford
formation. Interbedded with the silt and silty sand fining upward sequences
are coarser sands and gravels. These coarser sand and gravel beds are
analogous to the textural features characteristic of the sand-dominated facies
of the Hanford formation. Although highly variable, it appears that the lower
fine-grained unit becomes finer grained to the south with a higher sand and
grave- -content -to the north,. The lower fine-grained unit is thick but locally
discontinuous. -This unit pinches out in- the northern portion of the 200 West
Area but-titcken-s to -approximately 32 m-(105 ft) in the southern portion of
the 200 West Area. In addition, the lower fine-grained unit has apparently
been removed from an erosional zone trending north-south through the center of

-the-2000 Wst- Are-a-. The -lower ine-grained unit is probably correlative with
the sandy sequence of the Hanford formation found in the 200 East Area as
discussed-- in Seecton-4;1 3;--- Clastic-dikes have been found crosscutting the

4.1-11
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lower fine-grained unit in the 200 West Area. The clastic dikes appear to be
randomly distributed in the unit and oriented near vertical. Typical fill
-materia-l-found-in- thes-dikes- includes fine sand and silt.

The upper coarse-grained unit of the Hanford formation consists of
interclated gravel, sand, and some silt. The upper coarse-grained unit is
generally analogou-s to the gravel-dominated facies of the Hanford formation.
However, in some locations the upper coarse-grained unit is composed primarily
of coarse-grained sand more analogous of the sand-dominated facies of the
Hanford formation. Similar to the lower fine-grained unit, the upper coarse-
-gra-ned unit is-vary heterogeneous with respect to texture and clast size.
Fining upward sequences are also observed in this unit, typically displaying a
gradation from coarse gravels to sands and sometimes even silt. The thickness
of the upper coarse-grained unit approaches a maximum of 45 m (148 ft) but is
laterally discontinuous in the northern, east-central, and eastern portions of
the 200 West Area. The upper coarse-grained unit also fills the north-south
trending erosional zone found in the lower fine-grained unit. Although
c-astic--dikes are--most commonly-found in thee 1lower- fine-grained unit, they can
also be found crosscutting the upper coarse-grained unit in a few localities.

4.1.3 Geology and Stratigraphy of the 200 East Area

Geologic and stratigraphic characteristics distinctive of the 200 East
Area are provided in this section. Significant stratigraphic characteristics
including thickness variations, dip trends, and spatial relationships are also
provided. Stratigraphic units of significance in the 200 East Area include:
(1) Pomona Member and Elephant Mountain Members of the Saddle Mountains
Basalt; (2) Rattlesnake Ridge interbed of the Ellensburg Formation;
(3) Ringold Formation-including units A, C, E, the lower mud sequence, and
upper Ringold unit; and (4) Hanford formation. Detailed geologic cross
sections for the 200 East Area are provided-in -Figures 4.1-6 through 4.1-9.

4.1.3.1 Pomona and Elephant Mountain Members. The Pomona and Elephant
Mountain Members of the Saddle Mountains Basalt are continuous throughout the
200 East Area except in those locations where the Elephant Mountain Member has
been removed due to erosion. The Pomona Member ranges from 56 to 60 m (184 to
197 ft) in thickness beneath the 200 East Area. The Elephant Mountain Member
generally ranges from 21 to 36 m (69 to 118 ft) in thickness. However, north
of the 200 East Area erosional processes have removed the entire section of
the Elephant Mountain- Member extending from the Gable Mountain-Gable Gap area
to the south, terminating near the northern boundary of the 200 East Area.

Studies conducted to date do not indicate the presence of faults or
significant fracture systems in the Elephant Mountain Member beneath the
200 East Area. However, a complex fault and fracture system is present to the
north of the 200 East Area associated with the Gable Butte-Gable Mountain
anticline complex. Generally basalts are composed of various interflow
structures that affect their geologic and hydrologic characteristics. Site-
specific data on these features for the Pomona and Elephant Mountain Members
are not available for the 200 East Area.

A.1-12
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Figure 4.1-6. Location of 200 East Area Geologic Cross Sections.
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Figure 4.1-7. 200 East Area
Geologic Cross Section A-A'.
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-Figure 4.1-8. -200 East Area
Geologic Cross Section B-B'.
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-Figure 4.1-9.
Geologic Cross

".200 East Area
Section C-C'.
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4.1.3.2 Rattlesnake Ridge Interbed. The Rattlesnake Ridge interbed forms a
sedimentary interbed between the lower Pomona Member and the overlying
Elephant Mountain Member. Thickness of the Rattlesnake Ridge interbed ranges
from a minimum of 6 m (20 ft) to the north of the 200 East Area, to over 24 m
(79 ft) south of the 200 East Area. The Rattlesnake Ridge interbed is
composed of-fluvially reworked volcanic ash beds and fine- to coarse-grained
sand bodies. These sands and ash units are poorly indurated except in those
-4ocat-lans of silica cementation and significant low-grade contact metamorphism
associated with "baking" of the Rattlesnake Ridge sediments during extrusion
of the Elephant Mountain Member basalt flow.

-4.13;3 Ringold-Formation. Beneath the 200 East Area the Ringold Formation
is composed of fluvial gravel units A, C, and E; the lower mud sequence; and
the upper Ringold unit. Fluvial gravel unit A directly overlies the Elephant
Mountain Member. Unit A displays a relatively flat surface that dips to the
south and southwest towards the axis of the Cold Creek syncline. Unit A
generally pinches out in the central portion of the 200 East Area against
structural highs in the underlying basalt bedrock. Thin, lenticular

- occurrence-s: ofit-rd-t A-arer foun locail Yifr tbe area between the northeast
200 East Area and Gable Mountain. Most of the Ringold gravels centrally
located in the 200 East Area probably belong to unit A. Intercalated
lenticular sand and silt are found locally in the middle section of the unit A
gravels in the southeastern portion of the 200 East Area. Unit A ranges in
thickness from 0 m (0 ft) in the northern portion of the 200 East Area to
greater than 35 m (115 ft) east and south of the 200 East Area.

The fine-grained lacustrine deposits of the lower mud sequence thicken
_and dip-tAothe southeast in a manner similar-to the-Rinnnld fluvial gravel
unit A. However, the lower mud sequence is absent throughout much of the
central portion of -the 200 East Area. The lower mud sequence pinches out
against structural highs in the basalt bedrock and, in some locations, is
-truncated by the overlying Ringold fluvial gravel unit E or Hanford formation.
In the region between Gable Mountain and the northern 200 East Area boundary,
and in the vicinity of the-216'B 3-Pond system, the lower mud sequence forms
the-uppermost section-Of the Rgoldlfrnution and is directly overlain by
Hanford formation sediments. Throughout the rest of the 200 East Area the
lower mud sequence is overlain by the Ringold fluvial gravel unit E. The
lower mud sequence ranges in thickness-from 0 m(0- ft) to more than 29 m
(95 ft) southeast of the 200 East Area.

fluvia] gravelunit C and the upper Ringold-unit are present near the
southeast corner of the 200 East Area. These units pinch out immediatelynorth and Wst but tL.k-; t: the south-southwest into the Cold Creek
syncline.

Overlying the-lower-mud sequence-is fluvial gravel unit E. This unit
thickens to the south and southwest in the 200 East Area. Unit E is
restricted primarily to the southern portion of the 200 East Area, and is
absent in the 216-8-3 Pond area and between the 200 East Area and Gable
Mountain. In addition to the gravels typical of unit E, discontinuous silt
and-sand lenses are present locally. Unit E reaches a maximum thickness of
35 m (115 ft) south of the 200 East Area.
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4.1.3.4 Hanford Formation. The glaciofluvial sands and gravels of the
Hanford formation overlie the fluvial and lacustrine sediments of the Ringold
Formation in the -southern-two-thirds of the 200 East Area, but directly
overlie basalt bedrock in the northern third and further north of the area
where the Ringold Formation is absent. The Hanford formation in the 200 East
Area and- surrounding -localities -has been subdi-v-i-ded i-nta- three- strati graphic
sequences based on texture and grain-size characteristics. These sequences
include: (1) the lower gravel sequence, (2) the sandy sequence, and (3) the
upper gravel sequence. The lower and upper gravel sequences are composed
primarily of gravels typical of the gravel-dominated facies of the Hanford
formation. Discontinuous sand and silt beds more typical of the sand- and
silt-dominated facies also are sporadically present in these sequences. The
sandy sequence, which in most locations stratigraphically separates the lower
and upper gravel sequences, contains upward fining packets of fine to coarse
sand typical of the sand-dominated facies of the Hanford formation. Sporadic
and discontinuous lenses of gravel and silt are also present, which are more
representative of the gravel- and silt-dominated facies of the Hanford
formation.

The lower gravel sequence is composed of a heterogeneous mix of gravels,
sand, and some silt. The sequence ranges in thickness from 0 m (0 ft) to 44 m
(144 ft), and is found throughout most of the 200 East Area although it is
notably absent in the east-central portion of the 200 East Area and to the
west. In locations where the sandy sequence is absent, the lower gravel
sequence is directly overlain by the upper gravel sequence. At these
locations it is impossible to distinguish the upper sequence from the lower
sequence.

The sandy sequence consists of a heterogenous mixture of sand and silt
with-minwor amounts of gravel. Texturally the sandy sequence exhibits graded
bedding with multiple packets of fining upward sequences. Fine to coarse
sands dominate to the north while silt dominatps tn the south. Thin
lenticular silty paleosols with high carbonate content have been found in the
northern part ofsthe O0 -East Area within the sandy sequence. The sandy
sequence pinches out to the north-of the 200 East Area but dips and thickens
to the west of the 200 East Area. Maximum thickness of the sandy sequence
exceeds 90 m (295 ft) west of the 200 East Area. The sandy sequence is
probably correlative with the lower fine-grained sequence of the Hanford
formation found in the 200 West Area and as discussed in Section 4.1.2.
Clastic dikes are found randomly distributed in the sandy sequence typically
oriented in a near-vertical position.

The upper gravel sequence of the Hanford formation consists of a
heterogeneous mix of gravels, sand, and some silt, which are similar to the
lower grave sequence. The upper and lower gravel sequences are so similar
that without the intervening sandy sequence the upper gravel sequence cannot
be distinguished from the lower gravel sequence. The sequence ranges in
thickness up to 55 m (180 ft) or more north and possibly west of the 200 East
Area. In the northern portion of the 200 East Areathe-upperagravel sequence
forms an elongate, northwest to southeast-trending gravel tract. North of the
200 East Area the upper gravel sequence cannot be distinguished from the lower
sequence because of the absence of the sandy sequence. The upper gravel
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sequence thins to about 4 m (13 ft) just north of the B Plant area and is not
present in the east-central portion of the 200 East Area. Clastic dikes have
been observed crosscutting this sequence.

4.1.4 Hydrogeology of the 200 West Area

- The two major hydrogeologic units of-interest are-the vadose zone and the
uppermost aquifer. The following discussion provides further detail on the
composition, thickness--anid-hydratlic properties of the vadose zone and
uppermost aquifer beneath the 200 West Area. A conceptual model of the
200 West Area hydrostratigraphy is illustrated in Figure 4.1-10.

4.1.4.1 200 West Area Vadose Zone Characteristics. The vadose zone in the
200 West Area is composed of the Holocene surficial deposits, the Hanford
formation, the Plio-Pl-eistocene/"early"--atouse soil interval, the upper
Ringold unit, and the upper section of the Ringold fluvial gravel unit E.
Thickness of the vadose zone ranges from less than 50 m (164 ft) near the
southwest corner of the area to over 100 m (328 ft) in the northwest corner.

Flow of water through the vadose zone is a function of the relationship
between recharge__rates, moisture content, matric potential, and unsaturated
hydraulic conductivity for each hydrostratigraphic unit. In the 200 West
Area, recharge rates are governed by both artificial and natural sources with
artificial sources greatly dominating the-flux of water thrugh the vadose
zone near active liquid waste disposal facilities.

In general, water will flow and spread laterally at a much greater rate
in the fine-grained units than in coarse-grained units under unsaturated
conditions-. Fine-grained-units in the-Hanford formation, the "early" Palouse
soil, the Plio-Pleistocene unit, and the upper Ringold unit significantly
-influence the lateral distribution and flux of water to the-uppermost-aquifer
in the 200 West Area. Measured saturated hydraulic conductivilies for the
fine-grained units are highly variable ranging from 10,4 to 10- cm/s (1 to
10- ft/d) (Connelly et al. 1992a).

Coarse-grained units may-impede the flux of water-through the vadose zone
under unsaturated flow conditions because of the formation of a capillary
pressure barrier between the -coarse-grained units- and over--ying f-ine-grai ned
units. The Hanford formation coarse-grained sequence and the Ringold fluvial
gravel unit E could potentially induce a capillary pressure barrier effect
under favorable hydraulic conditions. Typically, lateral dispersion of water
is minimal in the coarse-grained units in the 200 West Area. Measured
saturated hydraulic conductivities for the coarse-grained hydrostratigraphic
units range from 10-2 to 10-6 cm/s (10 to 10.2 ft/d) for gravel units
containing a large percentage of fine-grained matrix (Connelly et al. 1992a).

The fine-grained units have produced perched water conditions in the
vadose zone beneath the 200 West Area near active liquid waste facilities.
The Plio-Pleistocene/"early" Palouse soil interval appears to be the primary
perching units throughout most of the 200 West Area. In the south, the lower
fine-grained sequence of the Hanford formation also may produce perched water
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Figure 4.1-40. Generalized iydrostratigraphy-of the 200 West Area.
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conditions near active facilities. Perched water is known to exist near the
active portion of the 216-U-14 Ditch, the 216-Z-20 Crib, and the
21&-Z-21 Seepage as-in Perched water znas at other localities in the
200 West Area may exist resulting from past and present disposal of wastewater
to various waste management units and septic drain fields.

.1-A---200 West-Area-Uppermost-Aquifer Characteristics. Generally the
uppermost aquifer in the 200 West Area is unconfined and contained within the
Ringold fluvial gravel unit E. The lower mud sequence forms the base of the
uppermost aquifer throughout most of the 200 West Area, except in the extreme
northern region of the area where the lower mud sequence is absent. In this
region the Ringold fluvial gravel unit A is considered part of the uppermost
aquifer and the Elephant Mountain Member forms the base of the aquifer. The
thickness of the uppermost aquifer ranges from 40 to 80 m (131 to 262 ft) in
the ZOO West Area Recent drilling and monitoring well installation
activities near the northern border of the 200 West Area have discovered
significant carbonate-cemented zones in unit E of the Ringold Formation.
These zones have produced semiconfining conditions near the top of the water
table resultina from carbonate cementation and the associated reduction in
permeability. The lateral persistency and competence of the cemented zones is
uncertain.

Hydraulic properties of the uppermost aquifer vary significantly in the
200 West Area. Horizontal hydraulic conductivity values range from 0.093 to
475 m/d (0.3 to 1,558 ft/d) for the upper portion of the uppermost aquifer
system. Vertical hydraulic conductivity values have been found to range from
8.6 x 10-5 to 2.2 m/d (2.8 x 104 to 7 ft/d) (Connelly et al. 1992a).
Figure 4.1-11 is a hydraulic conductivity map for the 200 West Area. This map
illustrates gross trends in hydraulic conductivity in the upper 10 m (33 ft)
of the uppermost aquifer, and highlights the high degree of variability in
hydrau li conductivityfor thef l-West Arpa.

4.1.4.3 Groundwater Flow Characteristics in the 200 West Area. Groundwater
flow in the uppermost-aquifer beneath the ZQOWest Area is dominantly
controlled-by-the groundwater mound that developed beneath the 216-U-10 Pond.
In 1984, the discharges to the 216-U-10 Pond were terminated and the
216-U-10_Pond-was-deonmissioned.- In-response,_water-levels inthe-uppermost
aquifer have-begun-to dissipate- rap-idly throughout-the 200 West Area.
A hydrograph of waterlevels coliected-from-wellsilocated-at various locations
in the 200 West Area is provided in Figure 4.1-12. The hydrograph illustrates
the-historical water level trends in the uppermost aquifer and highlight the
recent decrease in water levels observed throughout the 200 West Area. In
addition to the decrease in water levels, the mound has appeared to move in a
northeasterly direction over time. This apparent movement is probably due to
continued drainage from the currently active 216-Z-20 Crib and the
216-U-14 Ditch, which are located northeast of the 216-U-10 Pond.

-- The-dune-1993-water table map for the uppermost aquifer beneath the
200 Areas is provided in Figure 4.1-13. The water table map illustrates the
hydraulic control exerted by the- decaying groundwater mound. Radial
groundwater flow directed away from the mound produces flow directions with
and against the regional qrnundw;ter flow dirertinn
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Figure 4.1-11. Hydraulic Conductivity Map for the 200 West Area
(modified from Connelly et al. 1992a).
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Figure 4.1-12 Hydrograph of Historical Water Level Trends in
the Uppermost Aquifer in the 200 West Area.

*1x
10-i

Uqm

1945 1950 1955 1960

A-

490

480
-J
2
-<470

CD

43

1965 1970 1975 1980 1985 1990 -1995
Date

4.1-27

C3

299-W14-1

299-WIS-I
x

299-WI5-18
x

299-W19-1

299-W22-7

420

S 4 -

s



DOE/RL-93-88, REV. 0

This page intentionally left blank.

A41-2)Q



DOE/RL-93-88, REV. 0

-Figure 4.1-13. -200 Area Water
Table Map, June 1993.
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4.1.5 Hydrogeology of the 200 East Area

The two major hydrogeologic units of interest are the vadose zone and the
uppermost aqoufern- The following-discussion provides further detail on the
composition, thickness, and hydraulic properties of the vadose zone and
uppermost aquifer beneath the 200 East Area. A conceptual model of the
200 East Area hydrostratigraphy is illustrated in Figure 4.1-14.

4.1.5.1 200 East Area Vadose Zone Characteristics. The vadose zone in the
200 East Area is _amposed primarily of Holocene surficial deposits, the
Hanford formation, the Ringold fluvial gravel units A and E, the Ringold lower
mud sequence, and basalt in some locations.__ Because _ofth- dtscontininii
-nature-of--the Ringold- Formation north of the central portion of the 200 East
Area, the vadose zone is dominated by the Hanford formation sediments betweenthe 200 East Area and Gable-Mointaim--Gable-a- in- 4reds wher theG hAcaTt
rises above the water table elevation the basalt is included as a
hydrostratigraphic unit in the vadose zone. The lower mud sequence of theRingold Formation composes the lower portion of the vadose zone beneath and
surrounding the 216-B-3 Pond system in the eastern portion of the 200 East
Area, and to the areas north and northeast of the 216-B-3 Pond. Thickness of
the- vadose--zone in-the-200-East- Area-ranqes from 104 r (341-ft)-near-the
southern border of the area to 37 m (121 ft) thick near the 216-B-3 Pond
system.

Flow of water through the vadose zone is a function of the relationship
between recharge rates, moisture content, matric potential, and unsaturated
hydraulictconductivity for each hydrostratigraphic unit. In the 200 East
Area, recharge rates are governed by both artificial and natural sources, with
artificial sources greatly dominating the flux of water through the vadose

-zone near active liquid waste disposal facilities. Natural recharge rates
range from 0.1 to 10 cm/yr (0.039 to 3.9 in./yr), depending on surface soil
type and veatAtinn rnuvr.

Generally water will. flow -ands-p-read laterally at a much greater rate in
the fine-grained units than in-coarse-grained units under unsaturated
conditions. Fine-grained units in the Hanford formation and the lower mud
sequence of the Ringold Formation significantly influence the lateral
distribution and flux of water to the uppermost aquifer in the 200 East Area.
-Measured saturated hydraulic conductivities for the lower mud sequence are onthe order of 10" cm/s (10k ft/d). The sandy sequence of the Hanford
formation exhibits much more variability in saturated hydraulic conductivity,
ranging from 10-2 to 105 cm/s (102 to 10-1 ft/d) (Connelly et al. 1992b).

Coarse-grained hydrostratigraphic units may impede the flux of water
Lhrough the vadose zone under unsaturated flow conditions because of the
formation of a capillary barrier between the coarse-grained units and
overlying-fi-ne-grained units. The Hanford lower and upper gravel sequences
and Ringo-ld fluvial gravel unitsA- and-E-could potentially induce a capillary
barrier effect under favorable hydraulic conditions. Typically, lateral
dispersion-of water is -minimal in the-coarse-grained-units in th-e 200 EastArea. Measured saturated hydraulic conductivities for the coarse-grained
hydrostratigraphic units range from 10-' to 10-" cm/s (10' to 10-' ft/d) for
gravel units cnntaining a large percentage of fine-grained matrix
(Connelly et al. 1992b).
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The fine-grained hydrostratigraphic units in the 200 East Area could
potentially produce perched water conditions in the vadose zone near active
liquid waste facilities. The fine-grained paleosols and silts found in the
sandy sequence of the Hanford formation may have produced perching conditions
in the past, although these units typically are not laterally persistent.
Current locations of perched water associated with the fine-grained units in
the sandy sequence of the Hanford formation exist to the east of the
241-BY Tank Farm. To the east, the lower mud sequence of the Ringold
-Formaton also produces perched wter conditions in the vicinity of the
216-B-3 Pond system and the W-049H Treated Effluent Disposal Basins
(Davis et al. 1993).

4.1.5.2 200 East Area Uppermost Aquifer Characteristics. In contrast to the
200 West Area, the hydrogeology of the 200 East Area is relatively complex
because of the depositional and erosional history of the area. The uppermost
aquifer in the 2O fast Area generally iv unnftinedt, but-a4W-exhibits
confined to semiconfined conditions in the eastern portion of the 200 East
Area. The aquifer is contained primarily in the Hanford formation and the
Ringo-ld Formation- throughout most of the 200 East Area. North of the 200 East
Area the Rattlesnake Ridge interbed forms the lower portion of the uppermost
aquifer where the Elephant Mountain Member has been removed by erosional
processes. The base of the uppermost aquifer is variable. In the northern
portion of the 200 East Area the Elephant Mountain Member forms the base of
the uppermost aquifer except where it has been removed by erosion. In these
locations the Pomona Member provides the base for the uppermost aquifer. In
the south and eastern portions of the 200 East Area the lower mud sequence of
the Ringold Formation provides the base for the uppermost aquifer. Elsewhere,
the Elephant Mountain Member forms the base of the uppermost aquifer,
excluding those locations to the north where erosional processes have removed
the Elephant Mountain Member. In these locations the Pomona Member forms the
base of the uppermost aquifer. The thickness of the uppermost aquifer ranges
from 0 m (0 ft) where the basalt bedrock lies above the static water level to
the north, to greater than 60 m (197 ft) in the south and west portions of the
200 East Area.

In locations where the Elephant Mountain Member has been removed by
erosion, the uppermost aquifer is in direct hydraulic communication with the
Rattlesnake Ridge aquifer. In the past, the hydraulic head in the uppermost
aquifer has been greater-than the-hydraulic-4head in the Rattlesnake Ridge
aquifer. As a result, groundwater contaminants contained in the uppermost
aquifer were advectively transported into the Rattlesnake Ridge aquifer at
-those locations of direct hydraulic communication. Current conditions are
such that the Rattlesnake Ridge aquifer -exhibits a sl-ightly greater hydraulic
head compared to the uppermost aquifer throughout most of the 200 East Area
(Connelly et al--1992b)- This greatly reduces or negates the flux of
additional dissolved contaminants from the uppermost aquifer into the
Rattlesnake Ridgeaquifer.___However, a downward hydraulic gradient does exist
in the vicinity of the 216-B-3 Pond system due to the mounding of groundwater
in the uppermost aquifer beneath the facility. Hydraulic head in the
uppermost aquifer beneath the 216-B-3 Pond exceeds the hydraulic head in the
Rattlesnake Ridge aquifer by approximately 6 m (20 ft).

4.1-33



DOE/RL-93-88, REV. 0

The uppermost aquifer is under unconfined conditions throughout most the
200 East Area. Hawever,-inthe-near vicinity oftAhe_216-B-3 Pond system, the
uppermost aquifer becomes confined to semiconfined beneath the lower mud
sequence of the Ringold Formation. At this location the lower mud sequence is
considered part of the vadose zone while the groundwater beneath the lower mud
sequence is under artesian conditions. Water has been encountered overlying
the lower mud sequence at this location, but these bodies of water are
considered to be perched water zones and not part of the uppermost aquifer.

Hydraulic properties of the uppermost aquifer vary significantly in the
200 East Area. Horizontal hydraulic conductivity values range from 8 to
7,600 m/d (26 to 24,934 ft/d) for the upper portion of the uppermost aquifer
system (Connelly et al. 1992b). Figure 4.1-15 is a hydraulic conductivity map
-for the-200 East Area.--This-map illustrates gross trends in hydraulic
conductivity in the upper 10 m (33 ft) of the uppermost aquifer, and
highlights the high degree of variability in hydraulic conductivity for the
200 East Area.

4.1.5.3 Groundwater Flow Characteristics in the 200 East Area. The
216-B-3 Pond system significantly influences groundwater flow direction and
hydraulic gradients in the uppermost aquifer throughout the 200 East Area.
Although--the- 21-6-B-3--Pond is- still--active, a decrease in the volume of
wastewater disposed to the 216-B-3 Pond has affected water levels in the
uppermostaquifer-thro-ugbo-ut.the_20j0 East Area. - In general, water levels in
the uppermost aquifer have decreased in response to the reduction in effluent
volume disposed to the 216-B-3 Pond system as well as the reduction or
cessation of effluent disposal to various other facilities in the 200 East
Area. The hydrograph presented in Figure 4.1-16 illustrates the recent water
level decreases with respect to the historical water level trends throughout
the 200 East Area.

The June 1993 water table map for the uppermost aquifer beneath the
200 Areas is illustrated in Figure 4.1-13. Groundwater flow in the 200 East
Area is characterized by relatively flat hydraulic gradients except in the
vicinity of the 216--RPond system. Near the 216-B-3 Pond system groundwater
flows radially outward because of mounding beneath the&216-B-3 Pond. The
groundwater mound and associated radial groundwater flow pattern produces a
flattening of the hydraulic gradient throughout most of the 200 East Area. In
addition, a groundwater divide has developed where eastward flowing
groundwater is deflected to the southeast and northwest resulting from the
groundwater mound beneath the 216-B-3 Pond system.

4.1 6 &roundwater_ Chemistry_ in the 20 Areas

Groundwater chemistry in the uppermost aquifer beneath the 200 Areas has
been affected by various reactor fuel processing and waste management
activities that have been conducted since Hanford Site operations began in the
1940's. Ten contaminants present today beneath Resource Conservation and
Recovery Act of 1976 (RCRA) and solid waste facilities are discussed in this
section. This discussion is presented as background information to the
individual facility evaluations contained in this report. The plumes
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Figure 4.1-15. Hydraulic Conductivity Map for the 200 East Area.
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Figure 4.1-16. Hydrograph of Historical Water Level Trends in the Uppermost
Aquifer Near Piutonium-Uranium Extraction Plant Liquid Waste Disposal Units.
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discussed in this section have many different sources, many of which are not
-RCRA or-solid waste facilities. Discussions of the individual plumes are
ordered as follow:

* Metals--arsenic

* Anions--nitrate

* Volatile organics--carbon tetrachloride (CC14), chloroform, and
trichloroethylene (TCE)

* Tritium

-Beta-emitting radionuclides--gross beta, 99Tc, and "'I

" Alpha-emitting radionuclides--gross 'alpha.

Additional contaminants have been identified and mapped in the Groundwater
Field Characterization Report for the 200 Aggregate Area Management Study
(WHC 1993a).

The primary objective of each contaminant map is to illustrate the extent
of the plume that exceeds the most stringent regulatory standard that is
applicable to the contaminant. The standards have been noted in the legend
for each map. In some cases, the detection limit (DL) or minimum detectable
concentration (MDC) is greater than the most stringent standard
(e.g., arsenic, CCl 4, and TCE). In each of these cases, the minimum isopleth
has been selected at a value close to the-DL. Plumes that -are defined by only
one well are identified in discussions as potential plumes.

To illustrate the potential extent of some contaminant plumes (e.g.,
tritium and 99Tc), an extra contour less than the most stringent regulatory
standard has been added. When such a contour is included, a dashed line has
been used to help distinguish it from the standard-exceeding contours.

4.1-.6-.-.1--Arsenic (filtered). The Washington Water Quality Standard
(WWQS) for arsenic is 0.05 ppb (Washington Administrative Code [WAC] 173-200).
This value is two orders of magnitude less than the detection limit (5 ppb)
and three orders of magnitude more stringent than the drinking water standard
(DWS) and maximum contaminant level (MCL) of 50 ppb. Arsenic contamination is
illustrated in Figure 4.1-17. The only regulatory standard that is exceeded
in any of the wells in the 200 Areas is the WWQS.

Two plumes of contamination and two potential plumes are identified
beneath the 200 West Area. The maximum average concentration in 200 West Area
wells occurs in well 2-WIS-29 (23 ppb).

A I1 __ -

A lary plume of slightly elevated arsenic contamination is present
beneath the northeastern half of the 200 East Area. Average detections within
the plume-range between 6 and 1S npb.

4.1-37



DOE/RL-93-88, REV. 0

This page intentionally left blank.

A 1-30I* -jo



DOE/RL-93-88, REV.

Figure 4'.1-17. Arsenic Distribution
in the Uppermost Aquifer Beneath the
200 Area (Filtered Analyses).
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4.1.6.2 Anions.

4.1.6.2.1 Nitrate. Nitrate contamination (>45,000 ppb) is widespread in
the 200 West Area with smaller plumes in and north of the 200 East Area
(Figure 4.1-18). The contamination from the 200 West Area has been
transported far beyond the eastern boundary of the area. Insufficient wells

- ave been installed- in this area immediately west of the 200 East Area to
assess the potential for this plume to have reached the border of the 200 East
Area. The same problem exists in the interpretation of the extent of tritium
contamination -(Section 4.1. 6. 4).

The highest average concentrations for nitrate in the 200 West Area are
in well 2-W19-19 (1,175,000 ppb). The well monitors the 216-U-17 Crib, an
active facility; however, the contamination predates the initial use of the
cr1rb IWHC 4SS3a)l.-The centamination appears- to-be related to an upgradient
source, either the 216-U-1 and 216-U-2 Cribs or leakage from an effluent
transfer line that runs to the 216-U-8 and 216-U-12 Cribs (inactive since
198a).. T.ba beignitrAtvAslua&isn__thetvicini ty of this wgl 1-incide with
elevated uranium and 99Tc.

The highest average concentration of nitrate in wells in the eastern half
of the 200 Areas occurs in well 6-50-53A (440,000 ppb), which is located Just
to the north of the 200 East Area. The contamination appears to be the result
of the disposal of scavenged uranium recovery wastes to the BY Cribs in the
200 East Area during the 1950's. Two plumes located in the southeastern
corner of the 200 East Area are centered on wells that monitor facilities that
have at-some time received effluent from Plutonium-Uranium Extraction (PUREX)
Plant or the 242-A Evaporator. The maximum average contamination occurs in
well 299-E25-13 (293,000 ppb). A one-well potential contaminant plume is
indicated in the northwestern corner of the 200 East Area. A two-well plume
is defined just north of the basalt subcrop (hachured area northeast of
200 East Area) in the vicinity-Gf the decommiccinnod Gahle Mountain Pond.
The contaminant levels are just barely above the DWS.

4.1.6.3 Volatile Organics.

4.1.6.3-1 Carbon Tetrachloride- The contaminant plume illustrated in
Figure 4.1-19 is based an contaminant monitoring performed in support of the
Expedited Response Action Proposal (EE/CA & EA) for 200 West Area Carbon
Tetrachioride Mime (DOE 1991). The most stringent limit for this constituent
is 0.3 ppb (WWQS), which is well below the 5-ppb DL. The minimum contaminant
isopleth illustrated in the figure is 10 ppb. Discussion of potential source
tar[i-es ftor the CC contamination is contained in DOE (1.01.

4.1.6.3.2 Chloroform. Figure 4.1-20 illustrates the extent of
chloroform contamination beneath the 200 Areas. - One large plume of
contamination in excess of the WWQS standard of 7 ppb is defined beneath the
200 West Area and two one-well potential plumes, one each beneath the 200 East
and20l-West-Areas. The large -plume -occurs--i--the--same- approxinate area as
the core of the CC 4 plume (see Figure 4.1-19). The maximum average value in
the pliume _is 407 ppb (well 2-WI-30).
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Figure 4.1-18. NItrate Distributioi
in the Uppermost Aquifer Beneath
the 200 Area.
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Figure 4.1-19. Carbon Tetrachforid(
Distribution in the Uppermost
Aquifer Beneath the 200 Area.
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-Figure 4.1-20. - Chloroform
Distribution in the Uppermost
Aquifer Beneath the 200 Area.
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4.1.6.3.3 Trichloroethylene. TCE plumes in the 200 West Area are
presented in Figure 4.1-21. The DL for TCE (5 ppb) exceeds the WWQS standard
of 3 ppb but is equal to the DWS. The contaminant plumes have been contoured
at 6 ppb. Two multiple well plumes are in similar locations but are much less
extensive as the northern portions of the chloroform and CCl 4 plumes. The
maximum-average concentration occurs- in well--2-WI-30 (24 ppb). -A--s4gle-well
occurrence islindicated just _south of _the _central portion of _the _200_ West Area
fence line.

4.1.6.4 Tritium. Tritium is discussed separately from the other beta-
emitting radionuclides (1) because it is an extremely weak beta emitter and
(2) due to its unique chemistry it is the most mobile of the radionuclides and
is therefore an excellent contaminant tracer. Tritium contamTination (DWS of
20,000 pCi/L extends beneath large portions of the 200 Areas (Figure 4.1-22).

A large plume of contamination originates in the southwest corner of the
200 West Area, extends eastward towards 200 East Area, and may intercept
plumes beneath the 200 East Area. There is a lack of well control to define
the relationship -f the piumes.- The maximum average tritium concentration in
the plume is in well 699-35-66 (856,750 pCi/L). Another plume beneath the
northern half of the 200 West Area has a distribution similar to the volatile
organic plume geometries in the vicinity.

- ritiumcontamination-extends diagonaly from northwest to southeast
beneath the 200 East Area. Highest average concentrations are found in the
southeast corner of the area in wells monitoring disposal facilities
-associated-with a PURUE Plant. A discussion of the potential for B Pond to
be a hydraul-icdriver influencing contaminant- distribution-is presented in the
Operational Report for 1990-1992 (WHC 1993b). The highest average
concentrations- in the plume- are found in well 2-17-20 (2,430,000 pCi/L).
A plume of contamination has also moved off to the northwest of the 200 East
Area and is indicated by the 20,00-pCi/L contour -that- appears in the north-
central portion of this figure. Additional discussion of this plume is
containedn" the 100 and 600 Area sections of this report.

4.1.6.5 Beta-emitting radionuclides. The general distribution of beta-
emitting radionuclides is presented in Figure 4.1-23. There is a DWS- and
WWQS-equivalent standard of 50 pCi/L for gross beta.

Three plumes of contamination beneath 200 West Area are shown in
Figure 4_-1-23.- Althree plumes roughly coincide with areas with elevated
"Tc (Figure 4.1-24). The highest average concentrations occur in
well 2-W19-20 (2,806 pCi/L) in the plume in the southeastern corner of the
200 West Area. The source of contamination appears to be the U-1 and
U-2 Cribs and possibly a transfer line to the U-8 and U-12 Cribs. Three
one-well potential plumes of contamination beneat-h--the -200 West-Area are also
identified.

The largest of the beta plumes in the 200 East Area extends north from
the 200 East Area. At least two contaminant sources contributed to the beta
contamination, the BY Cribs and Gable Mountain Pond. The highest average
concentration in the plume occurs in well 6-50-53A (1,692 pCi/L). This well
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Figure 4.1-21. Trichloroethylene
Distribution in the Uppermost
Aquifer Beneath the P.00 Area.
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Figure 4.1-22. - Tritium
Distribution in the Uppermost
Aquifer Beneath the 200 Area.
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Figure 4.1-23. £Gross Beta
Distribution in the Uppermost
Aquifer Beneath the 200 Area.
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Figure 4.1-24. .Technetium-99
Distribution in the Uppermost
Aquifer Beneath the 200 Area.
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is the locus for other elevated contaminant concentrations (nitrate and
cyanide). Technetium-99, cobalt-60, and strontium-90 are the primary beta
emitters contributing to the plume distribution. A tightly constrained beta
plume located in the north-central portion of the 200 East Area is associated
with contamination in the vicinity of the B-5 reverse well (90Sr and 137Cs).
-The highest average gross beta concentration in-this plume is in well 2-E28-23
(19,500 pCi/L). The final plume beneath the 200 East Area is in the southeast
corner in wells that monitor PUREX-related disposal facilities. Technetium-99
and strontiun-90--are-the-primary- contributors to beta contamination.

4.1.6.5.1 Technetium-99. The DWS for 9Tc 4s significantly higher than
the MDC (900 versus 15 pCi/L). Three plumes of Tc with contamination
greater than 900 pCi/L are delineated in Figure 4.1-24 for the 200 West Area.
One plume emanates from-beneath facilities in the southeast corner of the
200 West Area and has apparently been transported beyond the eastern boundary
of the 200 West Area. Maximum average concentrations in excess of
Z0,Of0l pCi/t have beenvdetected at the center of the olume (well 2-W19-24).
Technetium-99 average concentrations greater than 2,000 pCi/L have been
detected in two wells in the south-central portion of the 200 West Area.

In the vicinity of the 200 East Area a plume extending northward from the
area is centered on well 699-50-53A (5,198 pCi/L), the same well with the
maximum average values for cyanide and Co. The plume originates from
beneath the BY Crib area along the northern margin of the 200 East Area.
A single-well plume to the northwest of the main plume is centered on
well 6-55-57. The well also has elevated OCo.

--- -1.6-.5.2- ---Iodine-1-2l. The MDC for 1291--is- equivalent to the OWS of
I pCi/L. The minimum isopleth contoured in Figure 4.1-25 is equal to this
value.

Two plumes of I291 contamination are present in the groundwater beneath
the 200 West Area. One plume appears to have originated from various
facilities near the southeastern corner of the 200 West Area and have been
transported eastward beyond the boundary of the area. The highest average
concentration for the contaminant occurs in well 6-35-70 (37 pCi/L),
approximately 549 m (1,800 ft) from the 200 West Area boundary. The other
200 West Area plume is centered on well 299-W14-12 (42 pCi/L) in the north-
centi IUportion Uhe area.

Nearly the entire central-portion of 200 East Area is underlain by
129I-Contaminated groundwater. The highest average concentrations are found
in wells in the-southeastern-corner of the area, the highest being in
well 2-E17-1 (17 pCi/L). The wells monitor PUREX disposal facilities.
Another plume extends out of the mapped area to the southeast and is large
and very poorly constrained. It vaguely mimics the tritium contaminant plume
that extends southeasterly from the 200 East Area and out of the mapped area.
The highest average value in this plume is 6 pCi/L,

4.1.6,6 Alpha-emitting radionuclides. Gross alpha contamination in the
200 Areas is shown in Figure 4.1-26. The DWS and WWQS for gross alpha is
15 pCi/L. The two alpha-emitting radionuclides that are responsible for the
contamination are uranium and plutonium.
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-Figure 4.1-25.- Iodine-129
Distribution in the Uppermost
Aquifer Beneath the 200 Area.
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Figure 4.1-26.- Gross Alpha
Distribution in the Uppermost
Aquifer Beneath the 20 Area.
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Two plumes and one one-well potential plume of alpha contamination are
present beneath the 200 West Area. The plumes coincide with mapped uranium
contamination. The largest plume has migrated beyond the eastern boundary of
the area. Maximum average concentration within the plume exceeds 1,616 pCi/L.
Alpha contamination in the plume is connected with mobilization of uranium
beneath the 216-U-1 and 216-U-2 Cribs, and possibly leakage from an effluent
transfer line to the 216-U-8 and 216-U-12 Cribs. The plume just to the west
has the next highest average contamination (207 pCi/L, well 299-W11-14) and
appears to be remnant contamination from the 216-U-10 Pond.

-A single-plume is identified beneath the boundaries to the 200 East Area.
PIutonium-contamination- beneath the -B5 reverse-well is the alpha-emitting
radionuclide respons ble for the plume. The highest average contamination is
in well 299-E28-25 (43 pCi/L).
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4.2 216-S-10 POND AND DITCH

J. W. Lindberg
Westinghouse Hanford Company

4.2.1 Facility Overview

A Resource Conservation and Recovery Act of 1976 (RCRA) groundwater
monitoring network has been established according to the RCRA Interim-Status
Groundwater Monitoring Plan (WHC 1990) for the 216-S-10 Pond and Ditch
(referred to as the S-10 Facility). This facility operates under RCRA
interim-status regulations (40 Code of Federal Regulations [CFR] 265). The
site is currently in the indicator parameter evaluation program. The site is
also within the 200-UP-1 operable unit of the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980.

The S-10 Facility received wastewater from the Reduction-Oxidation
(REDOX) Plant (202-S Building) located in the 200 West Area. This wastewater
contained dangerous waste and radioactive materials. From 1985 to
October 1991, physical controls and operating procedures were modified to
avoid inadvertent discharge of hazardous chemicals to the wastewater stream.

-Because the S-10 Facil-ity--is not -expected--to--receive- additli-nal dangerous
substances, the U.S. Department of Energy (DOE), Richland Operations
Office (RL) has proposed that the facility be closed under RCRA interim-status
regulations (40 CFR 265). The effluent stream to the S-10 Facility was
permanently deactivated in October 1991.

The S-10 Facility is located south-southwest of the 200 West Area,
directly outside the perimeter fence (see Figure 4.1-1, Section 4.1).
Initially the S-10 Facility consisted of an open, unlined ditch that was
1.82 m (6 ft) deep, 1.21 m (4 ft) wide at the bottom, and 685.8 m (2,250 ft)
long. Additionally, an open, unlined percolation pond, constructed at the
southwest end of the 216-S-10 Ditch and approximately 2.0 ha (5 acres) in
-size, was active _durtng_ part_ of the time that the ditch was receiving waste.

The=216-S-10 Ditch began receivtng-wastewater from the-REDOX=Plant in
August 1951. The 216-S-10 Pond was dug and placed in service in
February 1954. In October 1985, the 216-S-10 Pond and portions of the
216-S-10 Ditch were decommissioned, backfilled, and stabilized. The remaining
portion of the 216-S-10 Ditch received nondangerous, nonregulated wastes from
the 202-S Building chemical sewer. The waste stream was composed of cooling
water, steam condensate, water tower overflow, and drain effluent. Releases
of dangerous materials and constituents to the S-10 Facility are poorly
documented. Radioactive waste was reportedly disposed of to the S-10 Facility
as a result of contaminated floor and sewer drains at the REDOX Plant.
Hazardous chemical releases were documented in 1954 and 1983 and included
Al (N0 3)3, NaNO3, NaOH, Na3P0 4, NaF, NaCl, and K2 Cr 2O . There has been no
effluent discharge to the facility since October 191.
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The volume of effluent discharged in 1991 to the 216-S-10 Ditch was
approximately 1.89 x 108 L (5.0 x 10 gal). This discharge previously created
a-localized recharge moundand an associated perched water table directly
below the receiving end of the 216-S-10 Ditch. Well 299-W26-11 was installed
in 1990 to monitor the perched aquifer.

Stratigraphy at the S-10 Facility includes about 52 m (171 ft) of Hanford
formation consisting Of silt and fan,& t(_ ft) of Plio-Pleistocene unit
composed of silty sandy gravel and capped with a 0.3-m (1-ft) layer of
caHiche, 14 m- 45 ft: of upper Ringold Amit sand, 60 m (199 ft) of Ringold
Formation Unit E composed of sandy gravel, and approximateTy 15 m (50 ft) of
the lower mud unit of the Ringold Formation. The top of the lower mud unit is
the base of the- uppermost aquifer system-at the S-ID Facility. Most of the
uppermost aquifer is within the approximately 61-m- (200-ft-) thick gravel
unit E of the Ringold Formation; however, the water table is approximately 2 m
(7 ft) above unit-E in the upper Ringold unit. Depth to water varies from
55 m (180 ft) toward the southwestern end of the S-10 Facility and about 67 m
(220 ft) toward the northeastern end. Additional information about the
general hydrogeology of the 200 Areas can be found in Section 4.1.

Before 1992 the discharge of water at the S-10 Facility caused a perched
water zone. Perching occurred on the silt and fine sand within the lower
portion of the Hanford formation or possibly the caliche layer at the top of
the -Pi--Pleistocene unit. Depth to water in the perched zone was about 38 m
(125 ft). However, when surface water discharges ceased in 1991, the perched
water began receding. The water ievel within the well installed in this
perched zone (299-W26-11) dropped below the level of the well screen shortly
after the surface water discharges ceased at the S-10 Facility.

4.2.2 Summary of 1993 Activities

Sampling and analysis were performed for the wells in the monitoring
network according to the RCRA Interim-Status Groundwater Monitoring Plan
(WHC 1990). The facility now has two upgradient and four downgradient
monitoring weIs -(Figure 4.2-1.- This monitoring network will be used to
monitor-groundwater leves -and wate-r-quality before and after closure of the
ditch. Well 299-W27-2 was the last well to be installed. It monitors the
base of the unconfined aquifer and was completed in December 1992.

Four quarters of required background sampling were completed in
June 1992. At that time the sampling schedule changed from background
monitoring status (quarterly sampling) to the indicator parameters evaluation
program with semiannual -sampling A-statisticabevaluation of-the analytical
results-is--pre-sented-in -Section 4.2.4.2.

4.2.3 Sampling and Analysis Program

The groundwater monitoring plan for the S-10 Facility (WHC 1990)
establishes the justification and requirements for the monitoring network.
The -current-monitoring welT-network-consists of six wells as-listed in
Table 4.2-1 and as shown in Figure 4.2-1. Five monitor the upper portion of

4.2-2
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Table 4.2-1. 216-S-10 Facility Groundwater Monitoring Network.

wel Aqi Sampling IWater I Well 1
wel Aquifer frequency levels standards

299-W26-791 Top of unconfined S S RCRA

299-W26-8 0  Top of unconfined S S RCRA

299-W26-9" Top of unconfined S S RCRA

299-W26-109' Top of unconfined S S RCRA

299-W26-1291  Top of unconfined S S RCRA

_299-W26-11" Perched zone NS NS RCRA

299-W27-2 2  Base of unconfined Q Q RCRA

Notes: Shading denotes upgradient wells. Superscript following
well number denotes the year of installation.

NS = not sampled; dropped from monitoring network. (Dry well,
see Sections 4.2.1 and 4.2.3.)

Q = frequency on a quarterly basis.
RCRA -- well--i-s constructed to--RC-RA-spect-fied- -standards.

S - frequency on a semiannual basis.

the unconfined aquifer, and one (299-W27-2) monitors the base of the
unconfined aquifer. The perched aquifer monitoring well (299-W26-11) was
dropped fro the monitoring network because it has not contained any water
since the effl-uent stream was deactivated in October 1991. Before
well 299-W26-11 is recommended for decommissioning, it is being evaluated to
determine whether there are other uses for the well. The other wells in the
monitoring network were sampled for contamination indicator parameters,
drinkina water standards (WS) 40-CFR 265, -Appendix III), groundwater quality
parameters, and-site-specific parameters as identified in Table 4.2-2. Site-
specific parameters were selected based on a history of waste disposed at this
site and in surrounding cribs.

A .. A rlhndkaerk.he+itny

A brief discussion of the analytical data available for 1993 is provided
below. Tables summarizing the available analytical data for the year can be
found-in the RCRA quarterly reports (Teel 1993a, 1993b, 1993c; Lindberg 1994).

4.2.4.1 Constituents of Concern. Durinq 1993, constituents detected above
the DWSs consisted of chromium (filtered and unfiltered), manganese (filtered
and unfiltered), unfiltered iron, pH, and turbidity. Elevated unfiltered
metals like chromium, manganese, and iron are thought to have been introduced
during well construction or may be related to turbidity (see Section 2.2.4).
Standards for turbidity do not apply to groundwater and are measured only as
an indicator of the condition of the well and representativeness of the
groundwater samples.

4.2-4
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Table 4.2-2. Constituents Analyzed at the 216-S-10 Facility,

Contamination indicator-parameters

_pi- Total organic carbon
Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

1,4- E t Undri n Methoxychl.r

2,4,5-TP Silvex Fluoride Nitrate
Arsenic Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromium Lindane Toxaphene
Coliform bacteria Mercury Turbidity

Site-specific parameters

Technetium-99 Uranium
Tritium Volatile organic

analysis

-- Fltered chromium concentrations above the DWS occurred _in upgradient
well 299-W26-7, which is located at the south end of the facility near the
216-S-10 Pond. The elevated values for this well were 200 ppb (3/15/93) and
210 ppb (6/28/93); the DWS is 100 ppb. Well 299-W26-7 has shown elevated
chromium values both in the filtered as well as unfiltered since its
construction. The elevated chromium concentration in this well is isolated
from -the known chromium plume to the northeast, and it is not found in other
upgradient and downgradient wells in the vicinity. Because the well is
upgradient of the S-10 Facility, it is doubtful the contaminant came from the
facility Possible-causes-include wellhconstruction-effects or the presence
of cal-iodal-size particles that cannot be effectively filtered.

Filtered manganese concentrations above the DWS occurred in downgradient
well 299-W27-2, which monitors the lower part of the unconfined aquifer. The
elevated values for this well were 130 ppb (12/22/92) and 72 ppb (3/18/93).
The DWS is 50 ppb. Unfiltered manganese results have been high in this well
and in other surrounding wells. Like chromium and iron, this contaminant may
be due to well construction. In the case of well 299-W27-2, the elevated
values of manganese could be related to greater turbidity. H4nwever, because
filtered manganese has not been a problem previously, the source is unknown.
This contaminant will be monitored closely in succeeding samples to see if the
values continue to remain high.

4.29-S
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A groundwater sample collected on June 28, 1993 from the upgradient
well 299-W26-8 had a pH that slightly exceeded the OWS of 8.5 by approximately
0.2. Like manganese in well 299-W27-2, the pH in well 299-W26-8 will be
closely monitored in succeeding months.

Site-specific parameters monitored during the reporting period consisted
of volatile organic compgunds, tritium, "Tc, and uranium. Volatile organic
compounds, tritium, and Tc were not detected. A plot of uranium
concentrations is shown in Figure 4.2-2. This figure shows that upgradient
well- 299-W26-8 has consistently highar Iranium concentrations than the other
wells in the network. The elevated uranium concentrations may be from the
area of the 216-U-10 Pond, which is known to have received radioactive
wastewater -(DOE-R--i-992) .- Further evidence that the elevated uranium values
are-from-an upgradient-source-is-the gross alpha plume that extends to
well 299-W26-8 (see Figure 4.1-26, Section 4.1).

4.2.4.2 Statistical Evaluation. Statistical evaluations of data for the past
year at the S-10 Facility consisted of the required comparisons of indicator
parameters between upgradient and downgradient wells for any indication of
contamination in the groundwater underlying the facility. Statistical methods
are described in Appendix C. The contamination indicator parameters for the
S-10 Facility include field specific conductance, field pH, total organic
carbon (TOC), and total organic halogen (TOX). Statistical analyses required
by 40-CFR 265.93(b) and Washington Administrative Code (WAC) 173-303-400 were
perfnrmed-op the-sawples-rol1ected-from Anatist lqql to June 199? for
_ugradient wells_299-W26-_and_299-W26-8.-_Results-are-preseted in
Table 4.2-3. This table lists the background average. background standard
deviation, and critical mean (or critical range, in the case of pH) for the
four contamination indicator parameters from the upgradient well (or wells).
The critical mean (or critical range) is the value to which future averages of
quadruplicate measurements are compared, During the past year, none of the
upgradientdowngradient comparison values were- exceeded-at the S-10 Facility.

-The upgradient/downgradient comparison -value-is-generally-the- critical
mean or critical range. However, the critical mean for TOC is not calculated
-bec-ause-all of the -background val-ues- taken from the upgradi ent wells for TOC
are less than the contractually required quantitation limit. In this case,
the quantitation limit is used as the comparison value for TOC (see
Appendix C).

Lf the average from adowngradient well for a narameter exceeds the
upgradient/downgradient comparison values listed in Table 4.2-3, that
parameter is considered statistically different from background. If this is
confirmed by subsequent verification sampling and analysis, the regulatory
program is triggered into assessment. None of the samples collected during
the last year for the upper portion of the unconfined aquifer had indicator
parameters that exceeded the critical means (or in the case of pH, critical
range). The TOX critical mean is not calculated because of unsatisfactory
audit findings _(see Appendix_A).__However, field specific conductance for
well 299-W27-2 ranged from 348 to 366 jmho/cm. The critical mean for field-
specific conductance is 301.1 gmho/cm. Although the groundwater samples from
well 299-W27-2 exceed the critical mean for field-specific conductance, it is
inappropriate to compare these analytical results with the critical mean

4.2-6
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tigure 4.2-2. Uranium Concentration Plot for the
216-S-10 Facility Monitoring Wells.
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Table 4-2-3.--Critical-Means-Tabie for 20 Comparisons--
Background Contamination Indicator Parameter

Data for the 216-S-10 Facility.a,b

I Upgradient/
Constituent n df t Average Standard Critical mean downgradient

(unit) c background deviation comparison

I 
_value

Specific 8 7 5.4079 248.375 9.186 301.1 301.1
conductance
(mmho/cm)

Field pH 8 7 6.0818 7.888 0.178 [6.74, 9.04] [6.74, 9.04]

Total 70 6 5.9588 500 NC NC 800f
I organic
carbone
(ppb)

I Total NC NC NC NC NC NC NC
iorganic
halogen

Diata collected from August 1991 to June 1992 for upgradient
.ells 1-U99-7 and 2-W26-8. Values calculated based on 20 comparisons.

bThefollowing-notations are used in this table:
df - degrees of freedom (n-1)
n - number of background replicate averages

tc = Bonferroni critical t-value for appropriate df and
20 comparisons.

criticai mean cannot be calculated because of lack of an estimate of
background standard deviation.

------ ------- dirit-ica1 mea-aqnnt be-caku-lated-bcause of nrnblems associated with
data quality.

_EXCding -total organic carbon values collected on 2/11/92 from
well t-W26-7 because of Nonconformance Report.

tUpgradient/downgradient comparison value for total organic carbon is
the limit of quantitation based on 1993 field blanks data (see Appendix A).

NC - not calculated.

because well 299-W27-2 samples the bottom of the unconfined aquifer. The
critical means were calculated from samples and analytical results
corresponding to the upgradient wells (299-W26-7 and 299-W26-8) that sample
groundwater in the upper portion of the unconfined aquifer.

4.2.5 Groundwater Flow

4.2.5.1 Groundwater Flow Direction. Tables summarizing available water level
data-are-reportedin-the previousRCRA-quarterly-reports (Teel 1993a, 1993b,
1993c; Lindberg 1994). Figure 4.2-3 depicts the contoured water table

4.2-8
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elevations for the unconfined aquifer for June 1993. This figure indicates
that the flow direction is toward the east to southeast beneath the
S-10 Facil-ity-. This general flow direction coincides with the regional
groundwater map (see Figure 4.1-13, Section 4.1). Well hydrographs
(Figure 4.2-4) -show the continued declines in water table elevations with time
at the S-10 Facility.

4.2.5.2 Rate of Flow. The rate of groundwater flow can be estimated by using
a-form-of-the-Darcy equation with a range of input parameters.

V Ki (1)
no

where:

v = Average linear velocity of groundwater
K = Horizontal hydraulic conductivity
i = Hydraulic gradient

=i - Effective porosity of the aquifer.

The following input parameters were used:

K - 10 m/d (34 ft/d) (Williams and Barnett 1993); 12 to 152 m/d
(40 to 500 ft/d) (Kipp and Mudd 1973)

i - 0.0059 to 0.0013 (June 1993)
ne = 0.1 to 0.3.

Resulting estimats-of grundwater-velocity range from 0.04 to 9 m/d (0.15 to
29.5 ft/d).

The most recent aquifer testing in network wells was done in
November 1992 when a constant discharge test was performed (at the water table
in well 299-W27-2) with an observation well (299-W26-12) (Williams and
Barnett 1993). The interpreted hydraulic conductivity is 10 m/d (34 ft/d)
from the measured transmissivity. Slug tests in the same well provided
similar results (6 to 10 m/d (21 to 34 ft/d] hydraulic conductivity). These
resul-ts have a much smaller range thaniithe-results reported by Kipp and Mudd
(1973) (12 to 152 m/d [40 to 500 ft/d]). If only the more recent estimates of
hydraulic -conductivity are used, the resulting -estimates of groundwater
velocity would fall more closely to the lower end of the originally estimated
range (0-.04-to 0.6-m/d [0.15 to 2.0 ft/d]).

4.2.5.3 - Evaluation-of MonitorIng Wel]_Network._ Based onthe MFMO model
(Jackson-et-a.-199J-and-the-hydraeoloqy of the site, the existing network
should provide a monitoring efficiency of approximately 85% for the
S-10 Facility. Therefore, the network is judged to be adequate for the
indicator parameter evaluation program. There are no plans to drill
additional wells nor to modify the existing ones unless future groundwater
sampl-ing results indicate a significant change in groundwater chemistry, or
there is a significant change in groundwater flow conditions.

4.2-10
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A 1 iniCi-i 1 rflTD

B. A. Williams
Westinghouse Hanford Company

4.3.1 Introduction

A-Resource-Conservation andRecoveryAct of_1976 (RCRAy-assessment-level
groundwater monitoring program has been established under guidelines in the
RCRA intestin ourdwater monitoring plan (WHC 1990) for the
216-U-12 Crib (referred to as the U-12 Crib). This plan was developed to
present a program to determine the impact, if any, of the U-12 Crib on the
quality of groundwater underlying the facility. The U-12 Crib received
wastewater from the U Plant in the 200 West Area from April 1960 until
February 1988, when the crib was permanently retired and replaced by the
216-U-17 Crib. The wastewater disposed to the U-12 Crib contained dangerous
waste and radioactive materials.

An indicator evaluation groundwater monitoring network, consisting of one
upgradient (299-W22-43) and three downgradient wells (299-W22-40, 299-W22-41,
and 299-W22-42), was installed in early 1990 and is operated under RCRA
interim-status regulations (40 Code of Federal Regulations [CFR] 265).
Initial background groundwater sampling under RCRA began in September 1991.
Background values of the indicator parameters were established after the
June-1992 sampling--event and-are -reported it DOE-RL-(1993a). The-statistical
analysis required by 40 CFR 265.93(b) was completed using September 1992
sample data (DOE-RL 1993b). These and subsequent sampling results revealed
that the contamination indicator parameter specific conductance in
downgradient wells 299-W22-41 and 299-W22-42 is statistically greater than the
background levels of this parameter. As required in 40 CFR 265.93(d)(2), the
Interim-Status Ground-Water Quality Assessment Plan for the 216-U-12 Crib
(WHC 1993) was completed and released. This plan develops a groundwater
quality assessment program to determine if contaminants in the referenced
wells originate in the U-12 Crib.

4.3.1.1 Overview of the Facility. The U-12 Crib is located approximately
610-n (2,000 ft)-southo the- U Pant in the 200-West-Area (see Figure 4.1-1,
Section 4.1). The U-12 Crib is within the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA)
200-UP-1 groundwater operable-unit. The U-12 Crib is an unlined, gravel-
bottom, percolation crib that is 3.05 m (10 ft) wide, 30.5 m (100 ft) long,
and 4.3_m (14_ft)_deep._ TheU-12 Crib has a plastic barrier cover and is
backfilled with the original excavated soil. A vitrified clay distributor
pipe buried in gravel dispersed the effluent across the bottom of the
U-12 Crib.

The wste was composed of effluent from the U Plant and included
291-U-1 Stack drainage and process condensate from the 224-U Building. The
U-12 Crib received this waste stream from April 1960 until 1972, when it was
deactivated. The U-12 Crib was reactivated in November 1981, and received
waste until it was permanently retired in February 1988. An average of over
1.33 x 10" L/yr (3.5 x 10' gal/yr) of effluent was disposed to the U-12 Crib
during its active life. The U-12 Crib has received low-level radioactive

4.3-1
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waste that is known to have included dilute nitric acid, as well as
radioactive waste containing plutonium, strontium, ruthenium, and uranium.
After 1985, physical controls and-operating procedures were modified to avoid
inadvertent discharge of hazardous chemicals to the wastewater stream.

Hydrogeologic investigations below the U-12 Crib have indicated
radioactive contamination to a depth of at least 42.7 m (140 ft) as of 1983,
and to a depth of 19.5 m (64.5 ft) during a vadose investigation this year
(DOE-RL 1993g). The unsaturated interval (vadose) is composed of
unconsolidated gravelly sand of the Hanford formation and is approximately
64jm_(21 ft)_ thick. The unconfined aquifer lies below and is within the
silty, sandy gravels of the middle Ringold unit (see Figure 4.1-6,
Section 4.1). Elevated concentrations of nitrate, CCl 4, and gross beta are
being investigated under the groundwater assessment monitoring program.

4.3.1-.2 Summary of 1993 Acti-vities. The Washington State Department of
Ecology (Ecology) notification of the elevated indicator parameter, specific
conductance, above the background critical mean, and results of verification
resampling, occurred on January 28, 1993, as required by 40 CFR 265.92(b)(3).
The Interim-Status Ground-Water Quality Assessment Plan for the 216-U-12 Crib
(WHIC 1993) was submitted to Ecology on- February 9, 199. As-outlined in the
asjesszmfa-plan., two-existing wells, 299-W22-22 (downgradient) and 299W22-23
(upgradient), were remediated and included as part of the assessment
monitoring networK.

Quarterly sampling of the four original RCRA network wells (Table 4.3-1)
occurred in December 1992 (4th quarter), March (1st quarter), June and July
(2nd quarter), and September (3rd quarter) 1993. The first quarterly sampling
of remediated wells 299-W22-22 and 299-W22-23 occurred in July and
August 1993, respectively.

Water level measurements were recorded at least once quarterly during
well sampling. Monthly water level measurements in support of groundwater
assessment-began in-September 1993. --The-monthly-results-will be reported in
the subsequent RCRA quarterly reports. The summary and interpretation of
quarterly monitoring results are presented in Section 4.3.3.

4.3.1.3 Other Activities in 1993. In addition to groundwater chemistry, the
vadose zone below the U-12 Crib is being investigated as part of the RCRA
Facility Investigation/Corrective Measures Study Work Plan for the
200-UP-2 Operable Unit- Hanford Site (DOi-Rt: 19939) ---- One -vadose barin
(299-W22-78) was drilled just downgradient of the U-12 Crib and between the
two downgradient contaminant detection RCRA wells (Figure 4.3-1). Soil
radiological and chemistry results,_and subsurface-geophysics are forthcoming
and will be evaluated as part of a RCRA/CERCLA-integrated effort to assess
contaminant source and distribution within the vadose at the U-12 Crib.

4.3-2
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Sampling Water Well OtherWell Aqu ifer frequency levels standards networks

Z99-W22-4390 Top of unconfined Q M RCRA Operational
sitewide

299-W22-4090 Top of unconfined Q M RCRA Operational
sitewide

2g9 -w22- 4 190 Top of unconfined Q M RCRA Operational
sitewide

299-W22-42 90  Top of unconfined Q M RCRA Operational
sitewide

299-W22-2260 Top of unconfined Q M Pre-RCRA Operational
sitewide

299-W22-2360 Top of unconfined Q M Pre-RCRA --

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

M - frequency on a monthly basis.
Pre-RCRA = well constructed before RCRA-specified standards.

Q = frequency on a quarterly basis.
RCRA = well is constructed to RCRA-specified standards.

4.3.2 Sampling and Analysis Program

Sampling and analysis activities are conducted according to the U-12 Crib
groundwater moni-toring plan (WHC 1990) and- as-modified--in the assessment plan
(WHC 1993). The wells were sampled for contamination indicator parameters,
groundwater quality parameters, drinking water standards (DWS), and site-
specific parameters as identified in Table 4.3-2 (40 CFR 265). Site-specific
parameters were selected based on a history of wastes disposed to the site and
surrounding cribs, and groundwater monitoring results. Currently the
monitoring network consists of six shallow monitoring wells completed at the
top of ttit upper unconfined aquifer -Figure 4.1-2 and-Table 4.3-1). Well
- onstnrction information, incuding as-built diagrams, geologic and
geophysical data, and aquifer test results, is documented in Goodwin (1990).
Modifications to this network occurred this year with the addition of two
existing wells as justified in the groundwater assessment monitoring plan
(WHC 1993).

4.3.3 Groundwater Chemistry

The groundwater below the U-12 Crib has been monitored and analyzed as
partof the RCRA program-since Se-ptember 19Th The sit7-specifie waste

-- -indicators -selected-for the U-12 Crib include tritium, Tc, uranium, and
volatile organic analyses. Technetium-99 and tritium have been detected and
are being investigated to determine if the U-12 Crib is the source. Summary

4.3-3
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Figure 4.3-1. Well Location Map for the 216-U-12 Crib.
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IUle 4.Q-. Constituents Analyzed at the 216-U-12 Crib.

Contamination indicator parameters

pH Total organic carbon
Speciftic-conductance- Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2,4-D Endrin Methoxychlor
-,4,5-TP Silvex Fluoride Nitrate
Arsenic Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromium Lindane Toxaphene
Coliform bacteria Mercury Turbidity

Site-specific parameters

Gamma scan Uranium
Gross beta. Volatile organic
Technetium-99 analysis
Tritium

and interpretation of the chemical and radiological results are being
-cnmnleted--for al l ~pastzd-ata results and are evaluated-with 4ime-concentration
graphs in Section 4.3.3.1. Only those constituents that may reflect a
significant impact on the groundwater are discussed. Conclusions of the
U-12 Crib assessment and a final report are due in July 1994.

4.3.3.1 Concentration Histories of Waste Indicators. Specific conductivity
continued to be above the critical mean in downgradient wells 299-W22-41 and
299-W22-42 during 1993. Constituents that exceeded DWSs in the U-12 Crib
groundwater monitoring network during 1993 are as follow: (1) nitrate,
(2) CCI,, and (3) unfiltered chromium and iron (see discussion in
Section- 2.2.4). In addition-to these constituents three radiological
constituents, gross beta, 99Tc, and tritium, have concentrations consistently
higher in the two downgradient wells.

The contamination indicator parameter specific conductance has exceeded
the site-specific critical mean (457.8 smho/cm) in downgradient
wells 299-W22-41 and 299-W22-42 since groundwater monitoring began
(Figure 4.3-3). Nitrate is the only constituent with significantly consistent
and elevated concentrations in the two downgradient wells (Figure 4.3-4) and,
as such, is probably the cause of the elevated specific conductance.

4.3-5
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Figure 4.3-2. Contour Map of the 216-U-12 Crib, June 1993.
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Figure 4.3-3. Specific Conductivity at the 216-U-12 Crib.
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Figure 4.3-4. Nitrate Concentrations at the 216-U-12 Crib.

400000

350000

n _ _ _ ___DWS = 45000 ppb50000- - - - - - - - - - - - - - - - -- - - -

1991 1992 1993 1994

4.3-7

300000

250000

- 200000

150000
---------

100000

Nitrate
----- 299-W22-40

- 2l9-W22-4i

299-W22-42
- 299-W22-43

a>,,,--<
800 -



DOE/RL-93-88, REV. 0

Documented releases of dilute nitric acid to the U-12 Crib during its
operation substantiate this interpretation. Initial data evaluation suggests
that the U-12 Crib may be the source of this contamination.

Nitrate concentrations have continued to exceed the 45,000-ppb DWS and
are 10 times above the average upgradient background value. The elevated
concentration-trends (see Figures 4.3-3-and 4.3-4) in the two downgradient
wells have remained relatively unchanged since the monitoring began. While
inconclusive, it is believed that slugs or seeps of residual effluent are
still moving downward in the vadose zone and contaminating the aquifer even
though all effluent disposal to the U-12 Crib ceased in 1988. The
fluctuations are a result of this noncontinuous effluent migration and
heterogeneities within the aquifer. Concentration trends are expected to
remain constant and eventually decline as the vadose drains (source volume
decreases).

Monitoring at downgradient well 299-W22-40 has not detected any nitrate
contamination; it is most likely outside the flowpath of the U-12 Crib nitrate
plume (see Figure 4.1-29, Section 4.1). This is supported by mapping flow
lines on the water table map. The spatial relationship of the monitoring
network, with respect to the detectedcntamination, indicates that the
-current -source-is already restricted and-of-relatively low volume and high
concentration. This is expected because effluent disposal ceased over 5 years
ago-- ItI is quite conceivable that a much larger undetected plume of
contamination lies downgradient of the current monitoring network when taking
into consideration the history of effluent volumes disposed at the facility in
the past -see Section 4.3.1.1). The nitrate contamination detected thus far
may actually be the tail of this undetected plume. This is further evidenced
by the regional nitrate plume (see Figure 4.1-29, Section 4.1), which exhibits
an unusual asymmetrical distribution. The skewed portion of this plume
surrounds the U-12 Crib. Current downgradient well spacing is very limited
and reduces the accuracy of plume mapping in the area. Future investigation
of this hypothesis, e.g., additional drilling, may be conducted as determined
tvrnmnnnngonesent~n stdies.

Radiological gross beta contamination has also been detcrtoA in
downgradient wells 299-W22-41 and 299-W22-42 since monitoring began
(Fioure 4.3-5). - While none of the concentrations exceeded the 50-pCi/L DWS,
several values have been close and prudent operations dictate the inclusion of
this constituent in the assessment investigation. Technetium-99 is the only
specific beta-emitting radionuclide with above background concentrations
(Figure 4.3-6). The comparable concentration trends substantiate this site-
specific constituent as the primary source of the high beta. The "Tc plume
exhibits a distribution similar to the nitrate plume. Trends reflect a
consistent,-low-volume source-emanating from below the U-12 Crib. A review of
the-regional-technetium plume- (see Figure 4 1--369,-Section 4.1)-reveals an
asymmetrical plume shape similar to nitrate. The skewed portion in the plume
is toward the U-12 Crib. Concentration trends of both beta and 9Tc
throughout-the-monitoring life have fluctuated somewhat but appear to be
relatively stable._ As with the nitrate-plume, the concentrations are expected
to decrease over time and these data may hint at a larger plume downgradient
of the current monitoring system. These constituents will be monitored and
eval-ated-as-part-of-the nitrate investigation.

4.3-8
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Figure 4.3-5.
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The Tong-term concentration trend for tritium in well 299-W22-42
indicates that this well probably is detecting some contaminant release from
the U-12 Crib (Figure 4.3-7).- This constituent, while not exceeding the DWS,
will also be evaluated as-part-of the U-12 Crib assessment. Tritium is not a
documented component of the effluent dinnsed at the facility.

Carbon tetrachloride concentrations have predominantly exceeded the DWS
(5-ppb) in all network wells since RCRAmonitoring beganw Figure 4.3-81. The
contaminant source is not the U-12 Crib; there is no documented record of CC14
disposal into the U-12 Crib. The concentrations detected at the U-12 Crib
-etwfrnnt a Miponent of -the 4arge tCI -lume whowe sourcets)ls 45 gradi ent
of this facility (see Figure 4.1-19, Section 4.1). The CC14 data reported for
the U-12 Crib, while not site specific, do provide additional data for
tracking and mapping the regional plume. Based on the plume migration path,
the concentration trends throughout the monitoring life of the facility are
expected to remain relatively flat and then decrease with time as the plume
migrates away from the area.

A--aval-lable data resul-ts are- presented in the quarterly reports for
RCRA groundwater monitoring data from October 1, 1991 through September 30,
1993 -DOE-RL- -1-991, -1992a, 1992b,- 1992c, -199-3b, 1993c, 1993d, 1993e, 1993f).

4.3.4 Groundwater Flow

4.3.4.1 Groundwater Flow Direction. Declining groundwater levels for the
U-12 Crib network are shown in the hydrograph in Figure 4.3-9. The
groundwater below the U-12 Crib has -declined -on-average--over 0.45 -n (1.5 ft)
since-the-last annual report. -Wa-ter levels are reported in previous quarterly
reports.__figure_4-3-2 depicts the contoured-water table elevations for
June 1993. The water elevations reveal an east-southeasterly flow direction
that coincides with the regional groundwater map presented in Figure 4.1-13,
Section 4.1k This flow direction-remains unchanged- from 1992 to 1993-. Based
on this information, the wells are appropriately located to detect contaminant
discharges from the U-12 Crib.

4.3.4.2 Groundwater Flow Rate. The rate of groundwater flow beneath the
U-12 Crib is relatively unchanged and consistent to last year. The aquifer
beneath the U-12 Crib is characterized by relatively low hydraulic
conductivities 2 to 13 m/d (8 to 44 ft/d) and a moderate gradient. The upper
aquifer is-composed of-silty,-sandy gravel that exhihits variahls nr

heterogeneous flow conditions. Evaluation of the hydraulic gradient over the
past several-years reveals essential-ly no change in decline rate. The average
gradient measured across the U-12 Crib is 0.0025. Site-specific aquifer
testing is limited to slug test results. Based on these tests, groundwater

4.3-10
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Figure 4.3-7. Tritium Activity at the 216-U-12 Crib.

4UUUU r-

0 1
1991 1993 19941992

Figure 4.3-8. Carbon Tetrachloride Concentrations at the 216-U-12 Crib.

Carbon
Tetrachloride

- 299-W22-40
299-W22-41
299-W22-42

-4---299-W22-43 -

DWS:t5ppb IX
- ---------- --- ---------- - --- -----

1I9 ff~ 1993 1994

4.3-11

15000

2L
0
1.

U)

10000

Tritium

299-W22-40
299-W22-41

299-W22-42
299-W22-43

5000

15

z.C.CL
10

5

0

c



4611'

'Water Level
460i

-.- ~ 299-W22-41
--- a- 299-W22-42 C

--- * 299-W22-43

Anomalous data removed -459

-'D

cc C,C+ 0

00
Ict

456

C+
01



DOE/RL-93-88, REV. 0

velocities range from 0.03 to 0.2 m/day (0.1 to 0.6 ft/day). These
calculations are estimates based on the Darcy average linear groundwater flow
eqUatiuii

o = (1)

where:

v = Average lInear velocity (ft/d)
__ -]lydraulic cqnductIvity (ft /d)

= Hydraulic gradient (ft/ft)
n - Effective porosity.

The range of K is calculated by Goodwin (1990) and is from 2 to 13 m/d (8 to
44 ft/d). Effective porosity is estimated at 0.2 and the gradient is
calculated above from June 1993 water table results.

To date no other methods (plume transport velocities and tracer testing)
have been used to determine or confirm groundwater velocities at the
U-12 Crib.

4.3.4.3 Evaluation of Monitoring Well Network. Because of the unchanged
groundwater flow-direction1 -the wells are appropriately located to assess
contaminant discharges from the U-12 Crib. Water levels are measured
regularly and the adequacy of the existing monitoring network is evaluated
accordingly based on the ability of the downgradient wells to detect
contamination at the-point-o compliance. The original detection monitoring
network was designed based on the MEMO model (Jackson et al. 1991) to provide
leak detection monitoring efficiency for an estimated 90% of the U-12 Crib.

As a result of contamination detected in wells 299-W22-41 and 299-W22-42,
two additional wells were added to the network this year as part of the
assessment to provide more detailed information for plume evaluation and
source determination. Well 299-W22-22 is located between the two wells that
detected the contamination and slightly upgradient. Results from this well
should confirm the U-r2Carib as the source. Well 299-W22-23 is located
adjacent and slightly upgradient to the U-12 Crib and should provide data to
support the absence of upgradient contaminant sources. Sampling of the two
older wells has been somewhat encumbered because of limited perforated open
intervals, which has created restricted groundwater flow into the well, thus
causing difficulty retrieving representative samples.

-Undercurrent-conditionsno additional-well installations are required.
Additionai-remediation of-the two-older,-pre-RCRA-design-wells Will-continue
as needed to maintain sample-ready wells.

Based on Phase I assessment at the U-12 Crib, additional downgradient
wells may be needed to determine the extent of contaminant migration as part
of Phase II of the assessment plan (WHC 1993).

4.3-13
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4.4 GROUT TREATMENT FACILITY

L. C. Swanson
Westinghouse Hanford Company

4.4.1 Facility Overview

The Grout Treatment Facility (GTF) is a treatment and disposal facility
regulated under-Resource Conservation and Recovery Act of 1976 (RCRA) interim-
status-regulations (40 Code of Federal Regulations [CFR] 265) and Washington
Admintistrative-Code "angerous Waste Regulations" (WAC 173-303). The site has
not received dangerous waste to date. Detailed dangerous waste permit
information for the GTF is provided in Part B of the current dangerous waste
permit application (DOE-RL 1992).

The- TF-is-in-a RCRA-indicator- parameter evaluation monitoring program in
accordance with interim-status regulations set forth in 40 CFR 265, Subpart F,
and as outlined in the Interim Status Ground-Water Monitoring Plan for the
Grout- Treatment Facility (Teel et al. 1989). The facility is located in the
200 East Area of the Hanford Site (see Figure 1-1, Chapter 1.0; Figure 4.4-1),
and-is-contained in the 200-P-5 groundwater operable unit. Refer to
Section 4.1 for a description of the geology.

- Grout treatment is a process that-involves blending a slurry of selected,
mixed radioactive and hazardous (dangerous) liquid wastes with grout-forming
solids and chemical additives. This slurry is then poured into subterranean
vaUlts for hardening (curing) to produce a massive, stabilized cement-like
block, suitable for in-place, long-term disposal. Each vault is considered a
RCRA surface impoundment -while -the grout slurry-hardens-.- -After--the grout
hardens, the- vaul-t is sealed and closed as a RCRA-permitted landfill. One
vault was filled with a phosphate/sulfate mixture during a demonstration
campaign (pouring) conducted from August 1988 to July 1989. The grout mixture
for this first campaigniwas-notxconsidered a-designated-dangerous waste.,
although it did contain low levels of radioactive substances.

4.4.2- Sumary of 1993 RCRA Activities

The GTF was placed into cold standby after the conclusion of Hanford
Federal Factlity Agreement and-Consent Order (Tri-Party Agreement)
(Ecedogy et al. 1992 renegotiations between Washingt-on-State Department of
Ecology (Ecology), U.S. Environmental Protection Agency (EPA), and the
vA fenartment of Energy (DOE). The three parties agreed in principle to
exclude the use of grouting as a disposal strategy. A finalized change
request-to the-Tri-Party--Agreement- was-approved in January 1994.

In response to the status change, the groundwater monitoring and sampling
program was put on hold in November 1993. Groundwater samples are no longer
collected from the monitoring-network in support of the GTF. Outstanding
laboratory analysis results for groundwater samples collected before
November 1993 will be reported in RCRA quarterly reports as they are received
from the laboratory. After final sample results are reported, the GTF section
wil be removed from the quarterly reports. The GTF will not be included in

4.4-1
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Figure 4.4-1. RCRA Monitoring Well Locations for
the Grout Treatment Facility.
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next year's annual report. However, some of the GTF monitoring wells will be
sampled in support of other 200 East Area sites and activities (e.g., the
216-A-29 Ditch, tracking of 200 East Area groundwater plumes, and 200 East
-Area water table maps).

In 1993 groundwater sampling and water level measurements were taken
-quarterly or semiannually at most of the wells (Table 4.4-1). Vault
construictlonork preventedc ral-iection-of groundwater samples at
wells 299-E25-31, 299-E25-33, and 299-E25-37 until April 1993. Quarterly
monitoring reports for the GTF were prepared in accordance with RCRA
requirements and forwarded to Ecology (DOE-RL 1993b, 1993c, 1993d, 1993e).
Aher DCDA activities at the GTF during 1993 included:

* Remediation or modification of monitoring-network wells 299-E25-31,
299-E25-33, and 299-E25-37

* Drilling and completion of groundwater monitoring wells 299-E25-49,
299-E25-50, and 299-E25-1000

* Completion of the borehole completion data package for
wells 299-E25-44 and 299-E25-45 (Swanson 1993a).

Wellhead modifications were required at wells 299-E25-31 and 299-E25-37,
because vault pit construction activities damaged the surface seals.
A revised borehole completion data package that documented the modifications
was forwarded to Ecology (Swanson 1993b). The surface seals do comply with
Ecology's "Minimum Standards for Construction and Maintenance of Wells,"
-WAC_-13-160.

A platform was constructed around well 299-E25-33 to provide access to
the well for groundwater sampling after additional casing was added to the
well to accommodate backfilling operations in the GTF pit. Because the pit
was not backfilled to the anticipated elevation, about 4.6 m (15 ft) of casing
remained above ground surface. Groundwater sampling was reinitiated in
April 1993.

Three new monitoring wells were drilled and completed this year:
299rE25-49,1 299-E2550,_ andS299-E25-000. Figure 4.4-1 shows the locations of
these wells. These three wells complete the groundwater monitoring network as
described in the Part B dangerous waste permit application (DOE-RL 1992).
Well 299-E25-1000 was drilled as a characterization borehole to the top of
basalt. A borehole completion data package will be issued for these wells in
1994. A borehole completion data package was released the first quarter of
1993 for wels Z99-E25-44 and 299-E25-45, which were drilled and completed
in 1992.

4.4.3 Sampling and Analysis Program

Thirteen wells comprise theRCRA indiratnr detection monitoring network
for the GTF as follows: (1) nine downgradient and (2) four upgradient wells.
Groundwater samples will not be collected at the three new monitoring wells or
any of the existing monitoring wells in support of the GiF programtbecause of
the cold standby status (see Section 4.4.2).

4.4-3
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Table 4.4-1. Grout Treatment Facility 1993 Groundwater
Monitoring Wells. (sheet 1 of 2)

. Sampling Water Well OtherWell Aquifer frequency levels standards networks

299E2-2j"n1per unncnfinpd Q --- PRE -

299-E25-31a"d Top of unconfined Q Q RCRA A-29

299Ta32 Tp of unconfined M RCRA B Pond
A-29

299-E25-33w Top of unconfined Q S RCRA --

299-E25-37a9d Top of unconfined - RGRA --

299-E25-3889d Top of unconfined Q S RCRA --

299-E25-3994u Top of unconfined Q S RCRA --

299-E25-4492d Top of unconfined Q S RCRA --

299-E25- 459 d Top of unconfined Q S RCRA --

299-E 25-4993d Top of unconfined N/Aa Q RCRA

299-E25-5O t T opf unconfined I A" i RCRA -

29-E25-100093 u Top of unconfined N/As Q RCRA --

299-E25-29P' Top of unconfined Q S RCRA --

299-E25-29QS- Top of unconfined S RCRA --

299-E25-30P7

299-E25-3 M

299-E25-28"

Tap of unconfined

neep unconfined

Deep unconfined - n
4

S

MI

RCRA

RCRA

rCRAt A-29

29I-E25-320" IDeep unconfined- RCRA --

299-E25-1876  Top of unconfined -- S PRE --

299-E25-2076 ITop of unconfined -- S PRE -

4.4-4
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Table 4.4-1. Grout Treatment Facility 1993 Groundwater
Monitoring Wells. (sheet 2 of 2)

Sampling Water Well OtherWell Aquifer frequency levels standards networks

I99-E25-248 Top of unconfined - J PRE --

29g-E25-26' Upper unconfined Q M RCRA A-29t299-E25-27 8' Upper unconfined -- S PRE --

Notes: Shading denotes upgradient wells. Superscript following
well number denotes the year of installation, followed by a "u" or "d,"
indicating whether the well is-a-downgradient or upgradient monitoring
well. All other wells are used for water level measurements only. Water
levels also are measured at the time of water chemistry sampling.

Deep unconfined = wells screened at approximately 18.3 m (60 ft)
below the water table.

Top of unconfined - wells screened above and below the water table.
Upper unconfined = wells screened completely below the water table

(top of screened interval about 1.5m [5 ft)
below the water table).

- -Al sampling of the GTF -wells is on hold-because of renegotiation of
the Hanford Federal Facility Agreement and Consent Order
(Ecology et al. 1992). These three wells were just completed in calendar

yoar 1990.

M - frequency on a monthly basis.
N/A = not available.

--- PRE -well-was constructed before RCRA-specified standards.
Q - frequency on a quarterly basis.

RCRA - well is constructed to RCRA-specified standards.
S = frequency on a semiannual basis.

The GTF-network monitnring wells and other supplemental water level
monitoring wells are listed-in-Ta-be-4.4-1. Locations of monitoring wells
relative to the GTF are shown in Figure 4.4-1. All GTF monitoring wells were
constructed-according to WAC 173-160, and from guidance provided in
EPA (1986), except well 299-E25-25, which was built before publication of the
R-RA-guidance- documerL--Neverttieless-, this-monitoring well is considered
acceptable for RCRA monitoring purposes (Teel et al. 1989).

Sampling and analysis activities were conducted according to the GTF
facil-itygroundwater monitori-ng -pl-an- (Teel et al. 1989). Table 4.4-2 is a

Mi =,Il *L_ Prr* .t-of groundwater chemical-constituewts-'-aialyzid-at UKi GIr. ITiese
constituents are required by-RCRA regulations, and are specified in the Part B
P*rmQQ dOng Uiic IJU3 0 pp, ILOtVin (DOE-RL 1992).

4.4-5
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Table 4.4-2. Constituent List for the Grout Treatment Facility.

Contamination indicator parameters

pH Total organic carbon
Specific conductance Total organic halogens

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2,4-0 Endrin Methoxychlor
2,4,5-TP Silvex Fluoride Nitrate
Arsenic .--- Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromji -mindane
Coliform bacteria Mercury Turbidity

Site-specific parameters

Arsenic Selenium
Chromium Technetium-99

4.4.4 Groun A.ater histry

This report covers groundwater data collected from October 1992 through
September 1993. Most groundwater chemistry data for this period were reported
in quarterly reports for the periods of October 1 to December 31, 1992;
Januaryj1-todarch 31,1993; April 1 to June 30, 1993; and July 1 to
September 30, 1993 (DOE-RL 1993b, 1993c, 1993d, 1993e).

4.4.4.1 Constituents of Concern.

4.4.4.1.1 Indicator Parameters. Groundwater sample results for the
general contamination indicator parameters of pH, specific conductance (SC),
total organic carbon, and total organic halogen (TOX) followed historical
trends. The statistical critical mean was not exceeded for any of the
indicator parameters, except at well 299-E25-33 where the SC regularly and
historically exceeds the critical mean of 291.6 pmho/cm (Figure 4.4-2). In
general, TOX laboratory results are unusable because of a 1993 audit finding.
These data are flagged with a "P" in quarterly report data tables. See
Appendix A for a pertinent discussion of the problems with the TOX data.

The high SC at well 299-E25-33 is not the result of releases from the
GTF, because no hazardous waste has been disposed to the vaults. The most

-likely-cause-for-the-elevated readings-is-the 216-A-37=1-dtsposal crib located

4.4-6
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southwest of this well. SC readings are elevated in crib wells 299-E25-18,
299-E25-19, and 299-E25-20, and are of the same magnitude as well 299-E25-33
(300 to 500 tAmho/cm; Figure 4.4-3).

The pH value in October 1993 at downgradient well 299-E25-37 was reported
at .8 . This value is lower than the historical levels at the well. The
reason for the variance is not known, although it may be related to the well
remediation--activitles performed- earlier -in-the year, The--pH did not exceed
the drinking water standard (OWS) or fall outside the range of the critical
mean.

One intriguing relationship was noted between the pH and the SC at
well 299-E25-32P. As shown in Figure 4.4-4, these measurements appear to
change in an inversely proportional manner. The reason for this correlation
is not fully understood.

4.4.4.1.2 Site-Specific Parameters. Four site-specific parameters are
designated as additional monitoring parameters in the GTF Part B permit
application (DOE-RL 1992). These parameters are arsenic, chromium, selenium,
and "Tc. Generally, the constituents were be-w DWs or are consistent with
historical concentrations and trends. However, unfiltered metal
concentrations such as chromium and iron were significantly higher than the
filtered metals. This -situation -is-common-to-most-of theRCRA sites.
Section 2.2.4 discusses this phenomenon.

Th0 !grdient and-downgradient wells h-ad similar-concentrations of "Tc
atabout 1- pC i/LV 0ne nia ly high- vuaSe aas Nted at W01l 299-E25-44 from
the April 16, 1993 sampling. The concentration was reported at 12.6 pCi/L,
which is one order-of magnitude higher than-historical values. The reason for
the high concentration has not been determined.

Filtered arsenic concentrations were above the contractually required
quantitation limits (CRQL) at the downgradient wells (see Figure 4.4-11) and
below the CRQL of 5 ppb at the upgradient wells. The source of the higher
downgradient-a-rsenic concentrations is- probably -the nearby 216-A-37-1
and 216-A-37-2 Cribs. Arsenic concentrations at these two cribs and the GTF
downgradient wells are roughly equivalent between 5 and 15 ppb (Figures 4.4-5
andA .4-; also see regional plume map, Section 4.1).

4.4.4.1.3 Water Quality Parameters. Water quality parameters were
consistent with historical trends. Turbidity values did exceed the surface
water standard of 1 nephelometric turbidity unit (NTU) at several wells.
However, these exceedances were generally less than 5 NTUs, which is higher
than the surface water standard, but less than the Hanford Site well
development criteria of 5 NTUs. These values are not unexpected based on the
level of well development performed at RCRA wells.

4.4.4.1.4 Trends. In the last annual report (DOE-RL 1993a) it was
reported that tritium concentrations appeared to be increasing in all of the
upgradient and two of the downgradient wells in 1992. Since that time the
tritium values have leveled off or dropped slightly (Figures 4.4-7 and 4.4-8).

4.4-8
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Figure 4.4-3.
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Figure 4.4-5. Concentration Plot for Filtered Arsenic
-at-Select-Downgradient Wells.
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Figure 4.4-7.
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The highest tritium concentrations are observed in the downgradient wells,
which are closest to the 216-A-37-1 Crib. Tritium concentrations in the
downgradient GTF monitoring wells ranged from 10,000 to 40,000 pCi/L this last
year. In comparison, the concentrations of tritium in wells near the
216-A-37-1 Crib (see Figure 4.4-1) ranged from 100,000 to 1,000,000 pCi/L
(Figure 4.4-9).

4.4.4.2 -Statistical- -Evaluation. -Stati-st-ical analyses establishing background
conditions are required by 40 CFR 265.93(b) and WAC 173-303-400. Background
information including raw data, replicate averages, and background summary
-statistics- were provided in the 1992 annual report-(DOE-RL 1993a). Appendix C
of this document-contains a description of the statistical methodology used to
establish background values. The GTF was under an indicator parameter
evaluation program, but with the status change to cold standby the monitoring
program has been placed on hold.

Table 4.4-3 lists the critical mean values (or ranges) and upgradient/
downgradient comparison values for the GTF indicator parameters, which were
compared to the average parameter concentrations at the downgradient wells to
determine if there was a significant statistical difference. The indicator
parameters did--not-exceed -the applicable critical means, except for SC at
well 299-E25-33. Assessment monitoring was not initiated because no hazardous
waste has been disposed to the vaults. Refer to Section 4.4.4.1.1 for a
discussion-of this historically-elevated constituent, and also to Appendix A
for information on recent laboratory audit findings and resultant limitations
for TOX data.

4.4.5 Groundwater Flow

4.4.5.1 Groundwater Flow Direction. This year's water level data for GTF
wells and wells in the vicinity of-the-GTF-are -avai-lable in RCRA quarterly
reports (DOE-RL 1993b, 1993c, 1993d, 1993e). These wells are measured on at
least a semiannual schedule and usually on a quarterly basis (see
Table l4-1). -Waterievel data identifted as_-suspect data (in error) were
flagged in the quarterly reports, and excluded from water level-related
Calti + innc

Water levels were evaluated for vertical hydraulic gradients using the
dual piezometer well 299-E25-32P and 299-E25-32Q. The "P" piezometer at this
well is completed at the top of the uppermost unconfined aquifer; the "Q"
piezometer is completed at the bottom of the uppermost aquifer. Since late
1991 the heads in the "P" and 'Q" piezometers are separated by an average of
0.09 m (0.3 ft) (Figure 4.4-10). The higher head is in the "P" piezometer,
implying that-there-is a downward flow component in the area of the upgradient
well. This is not unexpected based on the proximity of well 299-E25-32 to the
B Pond surface-disposaL facility- The B Pond recharges the uppermost aquifer
and is the major control on groundwater flow direction at the GTF and the
surrounding area. However, water level measurement and surveying error may be
respon-sible for- the-head- separation;-- although- givenl the magnitude of
separation, these errors may not be significant.

4.4-12
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T,,kin, A 43ATa9le7.7-3. Critical Means Table for 40 Comparisons--
Background Contamination Indicator Parameter Data

for the Grout Treatment Facility.,b

Upgradient/
Constituent n df Average Standard Critical mean downgradient

(unit) j background deviation comparison
value

Specific 14 13 4.598 156.036 29.265 295.3 295.3
conductance
(pmho/cm)
Field pH 14 13 4.984 8.213 0.311 16.65, 9.82] [6.65, 9.82]

Total 15 14 4.500 721.1 223.735 1,760.8 1,760.8
organic
carbon'

Total 8 7 6.082 6.338 3.201 27.0 NCd
organic
haloglene,
(ppb)

'Data collected-from August 1988 to June 1989 for upgradient
wells 2-E25-25 and 2-E25-32P, and from June 1991 to June 1992 for the newly
-installed upgradient-wel 2-E25--39. inconsistent repl-icate--values from
well 2-E25-39 (6/26/91) are not used in the calculation of background levels.C2tical means calriia1tod baked nn an rnmn2rienn.Criica--m. 4.---------- -- N--------"

bThe following notations are used in this table:
df = degrees of freedom (n-1)
n_-_number of background replicate averages
t% = Bonferroni critical t-value for appropriate df and

AA rnmnarienne

T Critical means were calculated using data analyzed by U.S. Testing,
Anc., RiChland, Washington.dUpgradient/downqradient comparison value for total organic halogen
cannot be established because problems associated with data quality preclude
the determination of the total organic halogen limit of quantitation.

NC - not calculated.

Data from the downgradient piezometer, 299-E25-29, were not useful for
ascertaining a vertical gradient in this area because of poor-quality water
level measurements. Good measurements are difficult to collect at this
piezometer because of-its smali diameter (5 cm [2 in.j), interference from the
dedicated sampling pump, and condensation on the riser tubing wall.

Water level contours for the unconfined aquifer in the vicinity of the
facility for June 1993 are shown in Figure 4.4-11. As noted in this figure,
groundwater flows to the southwest across the site. Water levels and
groundwater movement in the GTF vicinity also are discussed in Section 4.5,

4.4-14
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Figure 4.4-10.
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216-B-3 Pond System, and Section 4.6, 216-A-29 Ditch. Water levels declined
from 0.15 to 0.2 m (0.5 to 0.75 ft) in the downgradient and upgradient wells
{Figure 4.4-12), respectively -(Figures 4.4-13 and 4.4-14). These changes are
about the same as the water level changes last year. The water level decline
is -asnriated with decreasing discharges to B Pond, and represents a long-term
trend.

4Az5.2 Rate of Flow. Groundwater in the vicinity of the GTF is driven
southwestward -by the water table mound--associated with B Pond. The mounding
influences the hydraulic gradient in the area, and therefore the rate of
groundwater movement. An estimate of the average linear groundwater flow rate
can be-alculated from a modification of Darmy s law using the following
equation:

V = (1)

where:

V - Average linear groundwater velocity (m/d)
K = Hydraulic conductivity (m/d)
i =Hydraulic gradient (m/m)
ne = Effective porosity.

The following as-sumptionsare made for the -GTl area -(DOE--t -1992):

K = 304.8 m/d (1,000 ft/d)
ne = 0.25.

Using June 1993 data, the water table gradient between GTF
wells 299-E25-29P (downgradient) and 299-E25-32P (upgradient) was about
7.5 x -10 .-The estimated calculated linear groundwater velocity using this
information is about 0.09 mid (0.3 ft/d). This velocity is about an order of
magnitude less than the west-to-southwesterly movement of 0.6 to 0.9 m/d (2 to
3 ft/d) reported for the GTF in 1987 and 1988 (DOE-RL 1992), and is a function
of the smaller hydraulic gradient across the site.

4.4.5.3 Evaluation of Monitoring Well Network. Three new downgradient
monitoring wells, 299-E25-49, 299-E25-50, and 299-E25-1000, were added to the
monitoring well network in 1993. A borehole completion data package will be
issued in early 1994 for these three wells. The total number of monitoring
wells in the network now stands-at -3-wells: 9 downgradient and 4 upgradient.
The new wells are spaced at about 114.3 m (375 ft) rather than the originally
planned 76.2-m (250-ft) spacing. The wider spacing was used after technical
discussions with Ecology. The addition of the three 1993 wells completes the
planned GTF indicator monitoring well network as described in the dangerous
waste permit application (DOE-RL 1992).
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Figure-4.4-13. Hydrograph for Grout Treatment Facility Upgradient
Monitoring Wells.
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4.5 216-B-3 POND SYSTEM

ft.-0e oanetn
Westinghouse Hanford Company

4-.-.1-- -Facil ity Overview

This section summarizes information collected and analyzed in fiscal year
(PY) 1993 to describe distribution and concentration of waste constituents in
groundwater at the 216-B-3 Pond (B Pond) system. The 216-B-3 Pond system is a
regulated waste water disposal facility for operations in the 200 East Area of
the Hanford Site. Groundwater monitoring was elevated from a Resource
Conservation and Recovery Act of 1976 (RCRA) detection program to an
assessmentleveliprogram-in_199, and theGroundWater QualityAssessment Plan
for the 216-B-3 Pond System (Harris 1990) was submitted to the Washington
State Department of Ecology (Ecology). The assessment plan supplements
activities discussed in the Interim-Status Groundwater Monitoring Plan for the
216-B-3 Pond (Luttrell ef al. 1989) and the closure/post-closure plan
(DOE-RL 1993a). The 216-B-3 Pond system is also part of the
200-BP-11 -operable unit,-which is regulated- ufder-the Comprehnnsivs
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
program.

The 216-B-3 Pond system is located east of the 200 East Area and consists
of a main pond and three interconnected lobes for wastewater disposal as well
as several ditches leading to the ponds (Figure 4.5-1). The main pond is
located-in-a-rnatural-topographic-depre-ssion--diked-on-the eastern margin, and
currently covers approximately 14.2 ha (35 acres), with a maximum depth of
about 6.1 m (20 ft). The 216-B-3 Pond began receiving liquid effluent in
1145. Three exnansion ponds (3A, 3B, and 3C Ponds) were placed into service
in 1983, 1984, and 1985, respectively. The 3A Pond and the 3B Pond are about
4.5 ha (11 acres) in size, and the 3C Pond is approximately 16.6 ha
(41 acres). The 3B Pond currently is not in use. Water discharged to these
ponds infiltrates into the ground and recharges the underlying aquifer.

The B Pond receives wastewater primarily from the Plutonium-Uranium
Extraction (PUREX) Plant and B Plant. Specifically, these streams consist of
B Plant cooling water, PUREX Plant chemical sewage via the PUREX cooling water
line (rerouted from 216-A-29 Ditch), and-PUREX Plant-steam condensate, which
may be sent to-the B Pond system only if -the stream-is diverted to the
216-A-42 Diversion Basin. The B Plant steam condensate and chemical sewer
were discharged to the B Pond system in the past. Additional sources of
effluent to the B Pond system are the 242-A Evaporator (cooling water and
steam condensate), 244-AR Vault (liquid effluent), 241-A-702 vessel
ventilation system (cooling water), 283-E Water Treatment Facility (filter
backwsh), ad theB-284-EPowerhcts-e( (liqu-id effluent). Potential rnnt2minants
contained within past waste streams, which may have entered the groundwater,
are-discussed E -.. n. uring 1993, the volume of effluent
discharged to the B Pond system averaged approximately 13,000 L/min
/1 Ann qi/ mllo(3,4TV gal/min) or 19 million L/day (5 million gal/day).

4.5-1
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Figure 4.5-1. Monitoring Well Locations for the 216-B-3 Pond.
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RCRA groundwater-monitoring for the w Pond system began in 1988 with a
detection program and was elevated to an assessment level program following
review of the analytical chemistry results from the first and second quarters
of 1990. Concentrations of total organic halogen (TOX) were above the
allowable background concentrations-in two of the B Pond wells (see
Section 4.5.5). The Ground Water Quality Assessment Plan for the 216-B-3 Pond
System (Harris 1990) was prepared and submitted to Ecology in May 1990.

4.5.2 Summary of 1993 RCRA Activities

The 216-B-3 Pond system-continued in a groundwater quality assessment
monitoring program during 1993. Wells in the network were sampled during
October, January, and April for the first three quarters of FY 1993, and
during July and August for the final quarter, except three wells shared with
the W-049H Treated Effluent Disposal Basin (TEDB). These three wells were
sampled during December, February, May, and August during FY 1993.

To meet Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) Milestone -M-24-27 (Ecology et al. 1992) and the requirements of the
Ground Water Quality Assessment Plan for the 216-B-3 Pond System
(Harris 1990), two wells constructed during late FY 1992/early FY 1993 were
sampled for the first time in January 1993. Both wells were constructed to
monitor the upper portion of the uppermost aquifer. In addition, the three
wells shared by B Pond and W-049H TEDB networks were sampled for the first
time in December 1992. These wells also monitor the uppermost aquifer.

During 1993, the RCRA Part A permit application was modified to
distinguish the three expansion ponds (3A, 3B, and 3C) from the main pond and
the 216-B-3-3 Ditch. This change will allow clean closure of the expansion
ponds and integration of the main pond with RCRA corrective action for the
200-BP-11 operable unit (DOE-RL 1993a). Interim stabilization activities for
the main pond are scheduled to begin in April 1994.

4.5.3 Other Activities in 1993

4;5.-3. W-049H TEDB. As mandated by Tri-Party Agreement Milestone 17-08, the
W-049H Project was undertaken to provide a disposal facility for treated
liquid effluent from the 200 Areas generating facilities. Pending the
securing of appropriate permits, the disposal facility will allow infiltration
of treated (cleaned) liquid effluent to the soil column. Site hydrogeologic
rharacterizatin nccurred during FY 1992 and FY 1993. The work included
drilling of three RCRA-standard monitoring wells, aquifer testing, soils and
groundwater chemistry evaluation, and stratigraphic/structural analysis of the
suprabasalt formations (Davis et al. 1993).

Because of its proximity to the B Pond system, the site characterization
of the W-049H TEDB also enhances knowledge of B Pond hydrogeology and
groundwater chemistry. The W-049H TEDB and its three monitoring wells are
inmiediately- downgdent'hydrav- frnm th~e B Pond system. These wells
will remain a part of the B Pond groundwater monitoring network at least
through FY 1994.

4.5-3
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4.5.3.2 Aquifer Testing. To more accurately define hydraulic properties of
the unconfined aquifer, Pacific Northwest Laboratory conducted a pumping test
and other hydraulic testing near the main lobe of the B Pond system during the
summer of 1993. Well 699-42-42B was pumped for 24 hours at a constant rate.
Slug-interference and sinusoidal-pulse tests were also conducted in this well.
Well 699-43-42J and a nearby group of nested piezometers were the observation
wells during -the tests Results o-f th pumping test are presented in
Thorne et al. (1993). Results of the other tests will be available in 1994.

4.5.4 Sampling and Analysis Program

The monitoring well network for the B Pond system consists of
2 upgradient monitoring wells and 23 downgradient monitoring wells, shown in
Figure 4.5-1 and listed in Table 4.5-1. The monitoring program is described
in the groundwater monitoring plan (Luttrell et al. 1989). With one
exception, all of the downgradient wells in the network meet RCRA construction
standards and were installed during the period 1988 through 1992.
Well 699-42-40A was installed in 1981 and has a stainless steel screen, but
the seal does not strictly meet RCRA guidelines. Judging from its history of
analyti cal- results, the -sample worthiness-of this well appears uncompromised
by its pre-RCRA construction.

The upgradient wells, in the western portion of the 200 East Area, were
constructed in 1987 and 1988. The upgradient wells and most of the
downgradient wells were constructed to monitor the top 4.6 m (15 ft) of the
-uppermost aquifer. -Five of- the downgradient- wells (699-0-40A,- 699-42-398,
699-42-428, 699-43-41F. and 699-43-_41G) are screened to-monitor a lower
horizon-within the uppermost aquifer, approximately 7.6 to 15.2 m (25 to
50 ft) below the top of the saturated zone. Well 699-40-40A is paired with
wells 699-40-40, 699-42-39A-with 699-42-39B,- and -699-432-J -with 699-42-42B,
forming three shallow and deeper well clusters. Wells 699-43-41E, 699-43-41F,
and 699-43-41G are grouped together to form a shallow, intermediate, and deep
11l cluster.

The three wells around the W-049H TEDB are monitored to extend coverage
of-the BRond-network to the-east. These-wells-moitr the-upper portion of
the uppermost aquifer, which is essentially confined at these locations. All
three wellsare _screned within tht Ringold Formation unit A, just below the
Ringold lower mud sequence (refer to Section 4.1).

In addition to the wells belonging to the RCRA and W-049H TEDB monitoring
networks, other wel-sin the area around the-B Pond are-periodically used to
measure water levels.

All 25 of the monitoring wells meet the regulatory criteria for location
downgradient from the facility because of radial flow away from the pond
system induced by groundwater mounding (see Section 4.5.6). Because of this
condition, no upgradient well, in the strict--sense-, can be placed within the
vicinity of the B Pond facility. The possible placement of additional
monitoring wells under the assessment program will be addressed in future
reports or revisions to the groundwater monitoring plan.

4.5-4
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Table 4.5-1. Monitoring Wells Used for
(sheet I of 2)

the 216-B-3 Pond System.

.1Sampling Water Well OtherWelA er -- frequency- -leveI s-f standards networks

299-E18-Pa Top of unconfined SA M RCRA 2101-M

2__-E32-4 _ Top of unconfined SA M RCRA LLWMA-2

699-40-3692 Tnp of confined Q M RCRA W-049H

699-40-3989 Top of semiconfined Q M RCRA --

_699-4O-40A Lower semiconfined 0 M RCRA --

T of semiconfined Q M RCRA --

699-41-35 92 Top of confined Q M RCRA W-049H

699-41-40"9 Top-of semiconfined 0 M RCRA --

699-41-429' Top of unconfined Q M RCRA --

699-42-3792 Top of confined Q M RCRA W-049H

699-42-39A1  Top of semiconfined Q M RCRA --

[99-42-39B Lower semiconfined Q M RCRA --

699-42-40A 1

699-42-41" -

Top of semiconfined

Top of unconfined

SA

Q~

M

M

PRE

RCRA

699-42-42B8 Top of unconfined SA M RCRA --

699-43-40' Top of unconfined Q M RCRA --

699-43-41E8 9  Top of semiconfined Q M RCRA --

5994,3_41 89 _1 aLowersevAenfi ned n MT RCRA

699-43-41G9 ' Top of lower Q M RCRA --
semiconfined

699-43-42J88  Lower unconfined SA M RCRA --

699-43-438 Top of unconfined Q M RCRA A-29
699-43-45 9  Top of unconfined Q M RCRA A-29
699-44-100 To. nf serinnfid n-- M rRA-

4.5-5
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Table 4.5-1. Monitoring Wells Used for the 216-B-3 Pond System.
(sheet 2 of 2)

. Sampling Water Well OtherWell Aquifer frequency levels standards networks

1699-44-42' Top of unconfined SA M RCRA --

699-44-43BNy Top of unconfined Q M RCRA -

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

M - frequency on a monthly basis.
PRE - well was constructed before RCRA-specified standards.

Q - frequency on a quarterly basis.
RCRA . well is constructed to RCRA-specified standards,

SA - frequency on a semiannual basis.

- This year, four quarters of sampling were completed at B Pond. Because
of the elevated TOX and total organic carbon (TOC) detected in several wells
in 1991 (699-43-41E, 699-43-41F, 699-42-40A, and 699-43-42J), several
additional parameters were sampled in 1992 and 1993 in all the downgradient
wells (see "Assessment Monitoring Parameters" in Table 4.5-2). These analyses
were chosen to identify the particular chemical species causing the elevated
TOX and TOC values. Analytical results of the groundwater sampling for B Pond
-are presented in quarterly reports (DOE-RL 1993b, 1993c, 1993d, 1994).

Wells installed for the B Pond network in 1992 were first sampled during
the first or second quarter of 1993. By August 1993, the first full year of
quarterly sampling had been completed for wells shared with the W-049H TEDB.
The first yea-r of sampling in these wells included contamination-indicator
parameters, _groundwater quality constituents, drinking-water-constituents.,
site-specific constituents, assessment monitoring parameters, and the
Appendix IX (40 CFR 264) list of constituents. All other downgradient wells
were sampled on a quarterly or semiannual schedule for these same constituents
except the Appendix IX list. All wells in the network have now been sampled
-at-least once-for-the Appendix-TX-constituents. Upgradient wells were sampled
on -a-semiannnual schedul-e for contami-nation-i-ndicator parameters and
-groundwater -quality- parameters. -The -entire list of--constituents sought at
B Pond is given in Table 4.5-2.

4.5.5 Groundwater Chemistry

4.5.5.1 Concentration Histories of Waste Indicators. Chemistry data for the
groundwater contamination indicator parameters (TOX. TOC, pH, and specific
conductance) from the two upgradient wells for B Pond have been used to
establish background concentration limits not to be exceeded in the
downgradient wells. The -B- Pond system was- elevated to assessment level
monitoring in 1990 because of elevated concentrations of TOX in downgradient
well 699-43-41E. During 1990, well 699-43-41F also exhibited high
concentrations of TOX and TOC.

4.5-6
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Table 4.5-2. 216-B-3 Pond, Chemical Constituent List.

Contamination indicator parameters

Of ----- ------ Total organic carbon
Specific conductance Total organic halogens

Groundwater quality parameters

I Chloride Manganese Sodium
iron ----- henols Sulfate

Drinking water parameters

-2,4D -Fluoride Nitrate
2,4,5-TP Gross alpha Radium
Arsenic Gross beta Selenium
Barium Lead Silver
Chromium Lindane Silvex cadmium
Coliform bacteria Mercury Toxaphene
Endrin Methoxychlor Turbidity

Site-specific parameters

Ammonium m --- -
flyUIIItI II 11 riu I II

Assessment monitoring parameters

Anions Polychlorinated
Herbicides biphenyls
Pesticides Volatile, semi-volatile

organic compounds

4.b.5.1.1 TOX. In 1991, TOX in wells 699-43-41E and 699-43-41F
continued to be above established background limits. However, because of
recent 'Iaboratory audit findings, -1992- and -1993 TOX data are determined
unusable. Therefore, specific TOX results are not discussed here (see
discussion in Appendix A).

Attempts to isolate a specific consti-tuent(s -th-at--may account for
elevated TOX results have been unsuccessful to date. Analyses for the
assessmentmonitoring parameters (see-Table-4.5-2) and/or Appendix IX
(40 CFR 264) list of constituents, in all 23 downgradient wells, have revealed
no species that.correlate with the observed 1990 TOX values that placed the
facility into assessment status.

During the April through June 1993 sampling period a result for
tris-2-chloroethyl phosphate of 44 ppb was reported for well 699-40-40A. This
-c-ons-t-i-tuent was-detected again in the July through September 1993 period in
this same well (21 ppb); and four other wells: 699-40-40B (14 ppb), 699-40-36

-- 18--ppb),-699-4-1-35- (25 ppb), and 699-42-37 (18 ppb). Potential connections

4.5-7
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between this compound and elevated TOX in the B Pond network are presently
being investigated. It is unlikely that-any- definitive correlation can be
made until a reliable database of TOX results can be reestablished.

4.5.5.1.2 TOC -All results for TOC fell below the contractually
required quantitation limit (CRQL) (1,000 ppb) in 1993. In fact, TOC results
have been at or below-theCRQL-for all wells in the network since early 1992.
Results of TOC below CRQL have been reported only since the second quarter of
1993. Accordingly, nomeaningful- trends in-TOC are yet apnarpnt.

-45..1.3 Spectfic Conductance. During 1993, trends in specific
conductance were either slightly downward or unchanged for all wells in the
B Pond network, except weal 699-40-36. Specific conductance in well 699-40-36
ann~art "a 4w Anraig-lg~pr---------- -- increasing slightly, but steadily, from an average of 310 to
330 Mmho/cm. Specific conductance values range from averages of 141 smho/cm
in well 699-42-40A, during the first quarter of 1993; to 555 pmho/cm in
upgradient well 299-E18-1, also during the first quarter of 1993.

4.5.5.1.4 pH. Downgradient well 699-42-40A produced the lowest apparent
field pH result in the network (6.10) during the April through June period of
1003. Ti-s result falls below the-drinking-water standard -(DWS}-lower limit
for pH (Table 4.5-3), but its validity is suspect because it is much lower
than a laboratory pH measurement for the same sample. The highest pH result
(8.78, in a field measurement) occurred during the January through March 1993
period in well 699-43-41E. This value and five others (see Table 4.5-3)
exceed the upper limit of DWS for pH.

4.5.5.1.5 Site-Specific Constituents. The DWS for tritium was exceeded
at least one time each in 10 of the 23 downgradient wells at the B Pond
system. The maximum activity measured was 169,000 pCi/L in well 699-41-40.
Figure 4.5-1 illustrates the trend since 1990, for the five wells having
highest tritium activity in the B Pond system groundwater monitoring network.
Trends in these wells typify the general trend of decline for tritium in the
network (see Section 4.5.5.2). Well 699-42-40C, which monitors the
Rattlesnake Ridge interbed aquifer (see Section 4.1) between B and C Ponds,
has shown an eight-fold increase in tritium since 1987. The maximum result
for tritium in this well (8,000 pCi/L) is still far below DWS. It is possible
that tritium is migrating downward at this site from the uppermost aquifer to
the Rattlesnake Ridge interbed aquifer. The vertical component of hydraulic
gradient is distinctly downward here (see Section 4.5.6.1), and nearby wells
in the uppermost aquifer produce high results for tritium (Figure 4.5-3).

-Except for .-tritium,--the -oQl) Wt hL--Cnt;U+.nts known +n be c s
specific concern are TOC (discussed above), ammonium ion, and hydrazine. The
ammonium ion was reported at very low levels of concentration in 1993;
twice at the CRQL of 100 ppb in well 699-42-39B, and once at 100 ppb in
well 699-43-43. Hydrazine was not reported above the CRQL (30 ppb) in any
wells in the network during 1993.

-4.5.5.1.6 Other Constituents. -Additional drinking -water-and- groundwater
quality parameters are measured at all downgradient wells for comparison with
established DWSs, as required by 40 CFR 265.92. Table 4.5-3 lists those
constituents that exceeded DWSs during 1993, by well and quarter.

4.5-8
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Table 4.5-3. Wells With Constituents Exceeding Drinking Water
Standards by Quarter, Fiscal Year 1993.

WeLts Exceeding DWS by Quarter'
Constituent DWS

Oct.-Dec. 1992 Jan.-March 1993 ApriL-June 1993 JuLy-Sept. 1993

--hromitsi -too-ppb---299-Ei-11, -40-39 400, -42-37, 41-43 - 40-39, 40-4OA,
(unfiltered -40-40,-4 4239A, 41-40, 42-39A,
--sampe------- -2-B,34-- 42-9, "W-OE 42-428, 43-42J

Coliform I COL' 40-40B 40-40A, 40-406 NE 44-396

Iron 300 ppb ALL welts in 40-36, 40-39, 299-E18-1, ALL welts in
(unfitLtered the network 40-40A, 40-40B, 299-E32-4, the network
sampLes) except 41-35, 41-40, 42-37, 40-36, 40-40A, except 41-35,

43-41G 42-39A, 42-396, 40-40B, 41-42, 43-41E, 43-43,
42-40A, 43-40, 42-37, 42-39A, 44-436
43-41E, 43-42J, 43-43, 43-45
43-45, 44-43B

Iron (filtered 300 ppb 42-398 NE NE 44-42
senyes)

Manganese 50 ppb ALL wells in 40-36, 40-39, 299-E18-1, 40-39, 40-40A,
(unfiLtered - the network 40-40A, 42-40A 40-36, 40-40A, 40-40B, 42-396,

samp t es) except 43-43, 40-40B, 41-35, 40-40B, 41-35, 42-40A, 43-41G
43-45 42-37, 42-396, 42-37, 42-396,

42-40A, 43-40, 43-41G
43-41G, 44-436

Manganese 50 ppb 40-36, 40-40A, 40-36, 40-40A, 299-E18-1, 40-40A, 40-40B,
(filtered samples) 40-408, 41-35, 40-40B, 41-35, 40-36, 40-40A, 42-39, 43-41G

42-37, 42-39, 42-37, 42-39B, 40-40B, 41-35,
43-41G 42-40A, 43-40, 42-37, 42-39B,

43-41G, 44-43B 43-41G

Nitrate 45 ppm 43-43 NE NE NE

2.0 E4
pci-/

1 NTU

42-39A,
43-4--

42-39B,

299-E18-1,
40-40A, 40-406,
42-39A

41-40, 42-39A,

43-40, 43-41E,
43-41F, 43-41G,
44-43B

40-40B, 41-40,
42-39A

41-42, 42-39A,
42-39B, 43-41G

299-E18-1,
40-36, 40-406,
41-35, 41-42,
42-37, 42-39A

41-40,
42-39A,
42-42B,
43-41E,
43-41G

41-42,
42-39B,
43-40,
43-41F,

ALL wetLs in
the network
except 42-41,
43-43, 44-42

pH < 6.5 _6.5 _ NE I NE 42-40A NE

pH > 8.5 8.5 40-39, 41-40, 43-41E, 43-41G 43-41E NE
43-41E, 43-41G

'ALL welt designati ons prefixed by 699-, unL
'Coliform colonies per 100 miLLiliters.
DWS = drinking water standards.

NE = constituent did not exceed DWS in any
rTU v nepheiometric turbidity unit.

ess indicated otherwise.

welts during this quarter.
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Chromium in unfiltered samples, iron in-unfiltered samples, and manganese
in filtered and unfiltered samples were the most common constituents exceeding
DWSs in the B Pond system wells (see discussion in Section 2.2.4). The DWS
for chromium is 100 ppb, though it is listed and discussed in terms of the
superseded standard-of 50 ppb in the first three quarterly RCRA groundwater
reports for 1993 (DOE-RL 1993b, 1993c, 1993d).

Coliform bacteria were reported above DWS in three wells during 1993,
though all of these occurrences are under investigation (Request for
Analytical Data Evaluation [RADE]).

Nitrate was reported above the CRQL only once during 1993, but this value
is suspect and is also the subject of a RADE.

Radium has apparently increased by 2 orders of magnitude in
well 699-42-40A since 1990. However, the level activity of radium in this
well remains extremely low (1.5 pCi/L).

Although the turbidity DWS officially applies only to surface water
analyses (40 CFR 265), this property is monitored in groundwater to provide
insight to- occurrenroc of nther constituents. During the July through
September 1993 period, several constituents, notably unfiltered metals, in
well 699-42-40A departed significantly from historical trends. This
occurrence is tentatively linked to excessive turbidity (555 NTUs) reported
for the same sample. Turbidity generally increased during 1993 in samples
from nearly -all-wells in-the B-Pond system network. The reasons for this
increase are most likely the declining water levels in many wells and/or
excessive pumping rates during purging and sampling. Efforts are underway to
optimize pumping rates.

4.5.5.1.7 RADE. RADEs are submitted for analytical results that depart
from historical trends, or that otherwise differ from values reasonably
expected for a -particular -consti-t-uet Westinghouse Hanford -Company's (WHC)
analytical staff work to-resolve-these -anomaltes and-recommend courses of
action to project personneL- During 1993, RADEs were submitted for a total of
52 results of groundwater analyses from the 216-B-3 Pond system. Some of
these RADEs involve constituents cited in Table 4.5-3 (DOE-RL 1993b, 1993c,
1993d-;- and 1994). Resolution is pending for all 1993 B Pond system RADEs.

4.5.5.2 Distribution of Waste Constituents. Groundwater beneath the B Pond
system contains elevated levels of tritium from past wastewater disposal to
the system. The areal distribution of tritium in groundwater at the B Pond
system-is illustrated-in Figures 4.1-33 and 4;5-3; Figure 4.5-3 shows maximum
values for tritium results during 1993 in all wells with at least one result
above the DWS (20,000 pCi/L). Monitoring wells that have been in place around
theB Pond system- for several years show a consistent decline in tritium
activities since the mid-1970's. The observed decline of tritium activities
is likely a result of the dilution of older, more contaminated water by recent
tritium-free effluent, -and decay of the tritium radionuclide (half-life a
1.3 years).

4.5-12
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4.5.6 Groundwater Flow

The sediments of the Ringold Formation comprise the bulk of the uppermost
aquifer beneath the B Pond system. Specifically, groundwater flows within the
unit A gravel sequence, lower mud sequence of the Ringold Formation, and
somewhat within the lower gravels of the overlying Hanford formation
immediately below the B Pond system. Section 4.1 discusses stratigraphy and
hydrogeology in the vicinity of the B Pond system and the 200 East Area.
Hydrogeology of the B Pond system is discussed more specifically in Davis et
al. (1993) and DOE-RL (1993a).

During 1993, water table elevations were measured at least quarterly in
all wells in the monitoring network, and monthly for most wells as part of the
groundwater assessment program.

4.5.6.1 Groundwater Flow Direction. Groundwater flow in the B Pond area is
dominated by the groundwater mound created by large volumes of wastewater
recharging the uppermost aquifer (Figure 4.5-4). This hydraulic feature has
altered tte ariginal-groundwater flow pattern of the area. In the past, the
mound was even more extensive because of larger volumes of effluent discharge
to the system than at present (see Section 4.5.1). As the rate of effluent
discharge decreases, water levels in wells within the influence of the mound
generally are decreasing with time.

The horizontal component of groundwater flow at the B Pond system is
radially outward from the center of the groundwater mound. Horizontal head
gradient--as deterinined by water ieve-l measurement, is estimated at 0.001
to O.008 in the -region of the B Pond system during June 1993.

Vertical head gradients are estimated from four shallow/deep well pairs;
699-43-42J/42B, 699-40-40A/40B, 699-42-39A/39B, and 699-43-41E/41G (see
Figure 4.5-1). Expectedly, vertical hydraulic gradients at these locations
were directed downward. For static head measurements taken in June 1993,
vertical hydraulic gradients ranged from 0.007 to 0.08, roughly 10 times the
estimated horizontal component of head gradient.

4.5.6.2 Rate of Groundwater Flow. Early estimates of groundwater flow at the
B Pond system were based on the migration of tritium from the 1960's to 1982
(Wilbur et al. 1983). Average horizontal groundwater flow velocity was
estimated at 3 to 4 m/d (10 to 13 ft/d) by this method.

Other estimates of horizontal-component flow velocity are calculated by
the relationship;

v 
(KI

n

4.5-13
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where:

v - Average linear groundwater velocity
K - Hydraulic conductivity
I - Head gradient (horizontal)
n - Effective nornditv.

For the B Pond system: K is approximated at 640 m/d (2,100 ft/d) for the
Hanford formation, and 1.5 m/d (5 ft/day) for the Ringold Formation; effective
porosity ranges were from 0.1 to 0.3 for both the Hanford and the Ringold
Formations (WHC 1990).

- Estimates of flo velocity based_ on head gradients_ in May 1989, and
aquifer properties (K and n), yielded velocities from 0.009 to 0.03 m/d
(0.03 to 0.1 ft/d) for the Ringold Formation, and 15 to 46 m/d (50 to
150 ft/d) for the Hanford formation (WHC 1990). Performing this same
calculation with head gradients observed for June 1993, flow velocities are
estimated at 0.006 to 0.1 m/d (0.02 to 0.4 ft/d) for the Ringold Formation,
and 2.0 to 51 m/d (7.0 to 168 ft/d) for the Hanford formation.

Flow velocity estimates at the W-049H TEOB site range from 0.002 to
0.2 m/d (0.005 to 0.08 ft/d) within the Ringold Formation unit A. Hydraulic
conductivitiesused to calculate these estimates are derived from constant-
discharge pumping tests conducted in early 1993. Effective porosities are
laboratory estimates from borehole samples (Davis et al. 1993).

4.5.6.3 Evaluation of the Monitoring Well Network. Currently, the monitoring
well network is adequate to detect contamination originating from the
216-B-3-Pond-site. In early 1993,-all-wells in the network-were evaluated for
predicted longevity. Depth of water in the wells (from well bottom), amount
ok-vater abz-t-ht pump- 4ntake,_and the distance between intake and well
bottom were-tabulated.-Some wells were found to have less-than 0.6 m-(2 ft)
of water above the pump intake, with no room at the bottom of the well for
lowering the-pump. Fortunately, water levels in wells of this category appear
to have stopped declining or have even slightly risen recently. Water levels
in other wells are declining more quickly, but are at a sufficiently high
level to allow a few to -several -years -of imoritoring at-current rates of
decline. Figure 4.5-5 is a composite hydrograph of wells at the B Pond system
network showing typical patterns of water level decline. Water levels in
wells at the distal edge of the groundwater mound, such as well 699-42-37, are
declining as much as 0.3 m/yr (1 ft/yr). Water levels in others wells appear
to be stable or declining very slowly (e.g., well 699-41-40). The water level
in well 699-44-43B actually rose during 1993. This effect may be a partial
result of the rerouting of discharges within the B Pond system during the last
several years,_tbus affecting the location of the apex of the groundwater
mound. Nevertheless, it is-probable that some weTis will eventually have to
be replaced to maintain the effectiveness of the network.

Other investigations during 1993 indicated very low specific capacity in
most wells in the network. Accordingly, it was tentatively recommended that
the wells should be pumped at rates as low as 1.5 L/min (0.4 gal/min) to
preserve well integrity and avoid excessive turbidity during sampling.
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4.6 216-A-29 DITCH

G. L. Kasza
Westinghouse-Hanford Company

4.6.1 Facility Overview

The 216-A-29 Ditch (A-29 Ditch) is a Resource Conservation and Recovery
Act of 1976 (RCRA) facility located east of the 200 East Area in the central
portion of the U.S Department of Energy's (DOE) Hanford Site (Figure 1-1,
Chapter 1.0). Put into service in 1955, the A-29 Ditch was an excavated
unl-ined percolation trench, approximately 2 m (6 ft) wide and 2,000 m
(3,600 ft) long, that received the effluent of the Plutonium-Uranium
Extraction (PUREX) Plant chemical sewer line (CSL) and conducted it to the
216-S-3- -Pond -system -,8 -Pond)- -Cff I ets dispnsed 4 the A=29 nitch
encountered from 83 m (272.5 ft) (at the head end of the ditch) to 61.5 m
(202 ft) (at the discharge end) of unsaturated Hanford formation sediments
above the water table. The water table beneath the A-29 Ditch occurs from
slightly above to slightly below the hard-to-distinguish contact between the
Hanford formation lower gravel sequence and the underlying Ringold gravel
unit A. Ringold Formation sediments ranging in thickness from approximately
35 m (115 ft) at the south end to approximately 15 m (49 ft) comprise the
saturated zone beneath the ditch (WHC 1992). The local geology and
-hydrogeologi-c setting for this -part of the 200 East Area is introduced in
Section 4.1.

During the early years of operation, the A-29 Ditch is known to have
received almost daily sequential discharges of sodium hydroxide and sulfuric
acid from the water treatment demineralizer during the early years of
operation. The A-29 Ditch also received inadvertent spills of potentially
hazardous chemicals. The A-29 Ditch is known to have received discharges of
characteristically corrosive waste and waste containing the hazardous
constituent hydrazine. In 1984, administrative and physical controls were
implemented to avoid inadvertent discharges of hazardous chemicals.

In 1987, the DOE, Richland Operations Office (RL) proposed that the
A-29 Ditch be closed under RCRA interim-status regulations (DOE 1987).
ARCRA-compliant groundwaterumonitoring-network was comnle~ted and the
groundwater beneath th& A-29 Ditch has been-monitored since November 1988. In
January 1990, statistical evaluation indicated that specific conductance in
downgradient well 299-E25-35 had exceeded the critical mean. Immediate
-resampling of the well verified that the specific conductance in
well 299-E25-35 was statistically greater than the critical mean. As required
by the RCRA, a groundwater quality assessment plan was prepared and issued
(Chwi et al. 19i0)__A aresult, monthly water-level measurements and
quarterly groundwater samples are collected from the assessment network as
part of the assessment investigation. Groundwater sampling and analysis was
not conducted between June 1990 and July 1991 because of the suspension of the
groundwater analytical contract.

During 1991, a review of monthly measurements of the groundwater level in
wells at the A-29 Ditch confirmed that the groundwater level beneath the
A-29 Ditch continued to decline in a trend first recognized in late 1990

4.6-1
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(DOE-RL 1991). Examination of project hydrographs indicated that the
detection network was no-longer in compliance with RCRA pqui rements because
the well designated as the "upgradient well" (299-E25-32P) was no longer
hydraulically upgradient of the facility. A new groundwater monitoring plan
was prepared to bring the facility back into regulatory compliance by
selecting adjacent monitoring wells to be used as the upgradient wells for the
networkl(Kasza-and Goodwin 1991 The -groundwater monitoring plan also
designated the locations of four additional monitoring wells. According to
calculations using the MEMO model (Jackson et al. 1991), these wells increased
the monitoring efficiency of the network to over 90% in the area downgradient
of the-A-29 Ditch (Kasza and Goodwin 1991). Three of the wells were sampled
and the water levels in all four wells were measured initially during the
fourth quarter of calendar year 1991- The remaining well was first sampled
during the first quarter of 1992.

On July 15, 1991, effluent from the PUREX CSL was rerouted to the PUREX
cooling water line and discharges to the A-29 Ditch were eliminated. The
A-29 Ditch -was backfilled and the location was graded and revegetated as an
interim stabilization measure during autumn 1991 (Smith-1992),- This activity
marked the completion of Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) Milestone M-17-10 (Ecology et al. 1992).

- The groundwater monitoring plan was revised again in 1992 to specify the
locations of two additional groundwater monitoring wells (Kasza and
Goodwin 1992). The locations of the new wells were selected to provide
additional sampling locations near well 299-E25-35 to investigate the source
and extent of the-high specific conductance that forced the A-29 Ditch into
assessment monitoring. The wells were completed and the first groundwater
samples were collected during the fourth quarter of 1992. A record of the
1992 RCRA activities at the A-29 Ditch is contained in Kasza (1993a). The
A-29 Ditch is located in the 200-P0-5-CERCLA operable-unit. The RCRA closure
lan ic diie to Ecology and EPA in March 1996.

4.6.2 Summary of 1993 Activities

During 1993,-the monitoring activities required by the assessment plan
and the groundwater monitoring plan were conducted. The depth to the water
table was measured monthly in the wells that constitute the A-29 groundwater
monitoring network, and quarterly in- the- wells used to gather supplementary
data for-the groundwater quality assessment program -Groundwater samples were
collected for chemical analysis from the designated monitoring wells during

-each quarter r Site water levels and-groundwater-chemistry data were reported
in the series of quarterly RCRA groundwater monitoring data reports
(DOE-RL 1992, 1993a, 1993b, 1993c).

The Borehole _CompIetion- Data Package -containing the drilling logs and
construction records for the wells drilled in 1992 was issued during 1993
(Kasza 1993b).

A progress report on the A-29 groundwater quality assessment
investigation was completed during 1993 but had not been released by the
press time for this annual report.

4.6-2
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4.6.3 Other Activities in 1993

Several wells in the A-29 monitoring network were sampled for sitewide
operational monitoring purposes during 1993. There were no CERCLA program-
sponsored .actjivi.tie-s..in.te_2D-PO-5operable unit._which encompasses the
A-29 Ditch.

4.6.4 Sampling and Analysis Program

The A-29 groundwater monitoring network currently consists of
3 upgradient and 10 downgradient wells, all of which were constructed to
RCRA standards. Thirteen additional wells are used to gather supplementary
groundwater data for the groundwater quality assessment investigation.
Details about the groundwater monitoring network and assessment wells are
listed in Table 4.6-1. Figure 4.6-1 shows the locations of the wells.
Several wells are co-sampled to satisfy the monitoring requirements of other
RCRA facilities.

As part of the groundwater quality assessment investigation, the
groundwater of the unconfined aquifer beneath the A-29 Ditch is sampled
during each calendar quarter at the monitoring network wells and at
selected assessment investigation wells (see Table 4.6-1 and Figure 4.6-1)
(Chou et al. 1990). These groundwater samples are then analyzed for the
constituents listed in Table 4.6-2. Analytical results are reported in the

-previously -licsted-quarterlv rpnorts-fsee Section-4.6;.2).

The groundwater quality assessment- investigat-ion i-s designed to determine
whether the A-29 Ditch or one of the adjacent disposal sites is the actual
source of-the groundwater -contaminati-on. The determination of the groundwater
-flow direction and -the analyses for the various chemical constituents listed
in Table 4.6-2 are intended to identify both the contaminant(s) and the source
of the contamination found at well 299-E25-35. As shown in Figure 4.6-1,
there are several other disposal sites in the immediate vicinity that have the
potential to affect the groundwater beneath the A-29 Ditch. Should the
A In fl4 L. L-. --- Z4A-29 t1LLLU VC .1 trmed as the source of the groundwater contamination,
follow-on work will be planned to define the extent of the contamination and
determine remedial strategies.

4.6.5 Groundwater Chemistry

4.6.5.1 Concentration Histories of Waste Indicators. As previously stated,
-the ~* A-Z -r C -_Sthe A-2-9 Ditn -is the subject of a groundwater quality assessment

investigation due to the elevated specific conductance of the groundwater
samples collected from well_299-E25-35. As shown in Figure 4.6-2, the

-specific-conductance-values measured at this well during 1993 fell
dramatically to approximately one-half of the historic range of values for
this constituent. The specific conductance values measured at well 299-E25-35
during 1993 remain approximately 1.5 times higher than those of downgradient
wells (299-E25-26 and 299-E25-28) and-tbe upgradient well (699-43-43). The
specific conductance measured for well 299-E25-35 during all 1993 sample
-collections was below the critical mean value (455.3 gmho/cm) established when
the A-2g Ditch went into groundwater quality assessment monitoring in 1990.

4.6-3
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Table 4.6-1, Monitoring Wells Used for the 216-A-29 Ditch.

Well Aquifer--- mpling Water Well Other
frequency levels standard networks

299 125-26! Upper unconfined Q M -RCRA Grout

299-E25-28M Deep unconfined Q M RCRA Grout

299-E25-34' Top of unconfined c N RCRA --

299-E25-358 Top of unconfined Q M RCRA --

299-E25-42 1  Top of unconfined Q M RCRA --

299-E25-4391 Top of unconfined Q M RCRA --

299-E25-47'92

2 - rI2- AC"

Top of unconfined

Top of unconfined

Q

Q
M
M

RCRA

RCRA

299-E26-12" Top of unconfined Q M RCRA --

299-E26-13 9' Top of unconfined Q M RCRA --

299-E5-32P_ _ Top of unconfined Q M RCRA Grout

699-43-4388 Top of unconfined Q M RCRA B Pond

699-43-458 Top of unconfined Q M RCRA B Pond

299lr17f=i 8  A Top of unconfined j Q RCRA A-368

~2g-E17- 2OM A Top of unconfined Q RCRA A-10

299-E25-06 6 A Top of unconfined -- Q PRE --

299-E25-09 5' A Top of unconfined -- Q PRE --

299-E25-10s' A Deep- unconfined -- 0 PRE --

299-E25-1160 A Deep unconfined Q Q PRE --

299-E25-1876 A Top of unconfined Q Q PRE --

299-E25-1976 A Top of unconfined Q PRE

299-E25-2076 A

299-E25-213 A

Top of unconfined

Top of Unconfined

ci

ci
ci PRE

PRE

299-E25-31 8 7 A Top of unconfined I _Q I Q RCRA Grout

299-E25-36" A Top of uncnfined RARA A-i 0N j I KRA A IM10

299-E26-0258 A Top of unconfined Q PRE

Notes: Shading denotes upgradiant walls. Superscript following well
number denotes the year of installation.

A - assessment program well that is sampled for supplementary data.
M = frequency on a monthly basis.

PRE = well was constructed before RCRA-specified standards.
Q = frequency on a quarterly basis.

RCRA = well is constructed to RCRA-specified standards.
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Table 4.6-2. Constituents Analyzed in the Groundwater
Beneath the 216-A-29 Ditch.

Contamination indicator parameters

pH Total organic carbon
Snarifir rnndiirtanr0 Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2,4-D Endrin Methoxychlor
2,4,5-TP Silvex Fluoride Nitrate
Arsenic Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromium- Lindan- Toxaphene
Coliform bacteria Mercury Turbidity

Site-specific parameters for the 216-A-29 Ditch

Ammonium Hydrazine Tritium

Assessment monitoring parameters for the 216-A-29 Ditch

Anions Pesticides Semi-volatile
Herbici-es Polychlorinated ---organic-compounds

metals biphenyls Volatile organic
compounds

ICP - inductively coupled plasma, spectrogram method of analysis.

The site-specific hazardous constituent hydrazine (Table 4.6-2) was not
found in concentrations above the detection limit during 1993.

Concentrations of unfiltered iron and chromium in several A-29 monitoring
wells regularly exceeded the drinking water standards during 1993.
A discussion of the occurrence of high concentrations of unfiltered iron and
chromium is presented in Section 2.2.4.

Evaluation of the analytical chemistry data from all A-29 groundwater
monitoring and assessment investigation wells indicates that there has been no
degradation of oroundwater quality beneath the A-29 Ditch during 1993. On the
contrary, the reduction of -specific -c-onduc-t-ance--measured at well 299-E25-35
marks an improvement in groundwater quality.

4.6-6
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4.6.5.2 Distribution of Waste Constituents. Analyses of the groundwater from
nearby-wells sampled for the groundwater -quali -ty -assessment- (Figure 4.-6-1)
indicate that there is no specific constituent responsible for the high
specific conductance. Operational histories of the surrounding cribs suggest
that the nearby 216-A-37-1 Crib may be the source of the high specific
conductance detected at well 299-E25-35. Specific conductance at
well 299-E25-42, the monitoring well closest to 299-E25-35, is higher than
most other-wells-in-the A-29 monttoring-network, but-is somewhat lower than
the recently measured specific conductance values for 299-E25-35. The source
of the elevated specific conductance values for wells 299-E25-18, 299-E25-19,
and 299-E25-20 shown in Figure 4.6-2 may be the adjacent 216-A-37-1 Crib (see
Figure 4.6-1). The possibility that the 216-A-37-1 Crib is the source of the
elevated specific coriductance&vafues found in well 299-EZ5-35 continues to be
investigated.

A report on the findings of the groundwater quality assessment
investigation will be released-in-1994.--This document will contain a proposal
to reduce the scope of the groundwater quality assessment investigation to
concentrate- samling activity only in the area of elevated specific
conductance.

4.6.6 Groundwater Flow

4.6.6.1 Groundwater Flow Direction. The A-29 Ditch is located from 600 to
1,200 m (2,000 to 4,000 ft) west of the B Pond system. As indicated in
Section 4.1, the regional groundwater flow pattern in the unconfined aquifer
is radially away from the B Pond groundwater mound. Figure 4.6-4 presents
June 1993 water level data from surrounding groundwater monitoring wells that
more closely define the local- water- table and--groundwater--flow direction in
the unconfined aquifer beneath the A-29 Ditch. As illustrated, the local
groundwater flow direction near the A-29 Ditch ranges from a barely
recognizable westward flow at the south end of the ditch to a
west-southwestward flow at the north end of the ditch.

Hydrographs from local wells with nested piezometers (299-E25-29P
and 299-E25-29Q, and 299-E25-32P and 299-E25-32Q) and a pair of adjacent A-29
network wells with shallow and deep completions (299-E25-34 and 299-E25-28)
were examined-for evidence of-vertical gradients. Review of the data
available indicates that any vertical head difference is so slight as to be
indistinguishable from measurement errors.

-- Figure 4.6-3, the hydrograph of the A-29 Ditch groundwater monitoring
network, depicts the change in the water table beneath the A-29 Ditch since
the start of RCRA monitoring. The hydrograph shows that water levels across
the network have gradually declined. The hydrograph and water table maps
(see Eigures 4.6-3 -and-4L-4) indiratp that monitoring wells 699-43-43
and 699-43-45 continue to be upgradient of the facility and are appropriate
upgradient monitoring wells for the ditch.
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Figure 4.6-1 shows the location of the A-29 Ditch in relation to other
RCRA or operational facilities. In the past, the disposal of liquid effluent
at some of these facilities may have produced local changes to the groundwater
flow pattern and may have resulted in local contaminant flow counter to the
regional flow direction. Considering the proximity of the 216-A-30 and
216-A-37-1 Cribs to well 299-E25-35 (see Figures 4.6-1 and 4.6-4) and the
ongoing decrease in the regional water table, the potential for contaminant
miration from any of these cribs toward well-299-E25-35_it possible. Water
levels and groundwater movement in the area surrounding -the A-29 Ditch are
also discussed in Section 4.4, Grout Treatment Facility; Section 4.5,
216-B-3 Pond System; Section 4.7, 216-A-36B Crib; and Section 4.8,
216-A-10 Crib of this report.

4.6.6.2 Rate of Flow. As previously stated, groundwater movement beneath the
-29-Litch is controiied_-by-theunter taba-mundr-beneath-the B -Pond. -There
is a 5.5- to 5.8-m (18- to 19-ft) difference in the potentiometric surface

-between the highest -part of-the B--Pond mound and--the-monitoring wells
immediately adjacent to the A-29 Ditch. The hydraulic gradient and
grounowater Tlow velocity beneath different segients of the A-29 Ditch are
dependent on the proximity of the segment to the B Pond mound. Using the

%June--993-ntertabie-data, the-hydraulic gradient at the northern end of the
ditch (as measured between wells 299-E26-2 and 699-43-45) is approximately
0.002, while during the same time period, the hydraulic gradient beneath the
southern-portion of the ditch between wells 299-E25-32P and 299-E25-35
was 0.0003.

An estimate of the groundwater velocities in these two areas can be
calculated from the measured gradients and aquifer test data from the
A-29 monitoring network well 299-E25-42 using the Darcy's law equation:

V _Ki
n

where:

V - Average linear velocity (m/d)
K - Hydraulic conductivity (m/d), 18.29 m/d (60 ft/d) (Kasza 1992)
-t- Hydraulic gradient (m/m), 0.0003 to 0.002

-n - Effective porosity. -0.25 (WHC i99n).

Groundwater flow velocities beneath the A-29 Ditch during June 1993 ranged
from 0.02 m/d (0.07 ft/d) -in -the southern portion to 0.15-m/d (0.48 ft/d) in
the northern portion.

4.6.6.3 Evaluation of Monitoring Well Network. Water levels in each well of
the A-29 groundwater monitoring network were compared to the depth of the
screen interval and the pump intake elevation to ensure that sufficient
volumes-of-water exist for sampling purposes. There is no short-term need to
replace any of the existing groundwater monitoring wells.

4.6-11
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An evaluation of monitoring well locations confirmed that any effect the
A-29 Ditch had on groundwater quality could be determined by the monitoring
wells located upgradient and downgradient of the facility.

Groundwater quality beneath- the A-29 Ditch will continue to be
scrutinized in an effort to determine the source of the high specific
conductance previously found at well 299-E25-35.
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4.7 216-A-36B CRIB

G. L. Kasza
Westinghouse Hanford Company

4.7.1 Facility Overview

The 216-A-36B Crib, now retired from use, was a liquid waste disposal
facility for the Plutonium-Uranium Extraction (PUREX) Plant. The
216-A-368 Crib Is located in the 200 East Area approximately 360 m (1,200 ft)
south of the PUREX Plant and is also approximately 110 m (360 ft) west of the
nearby 216-A-10 Crib. The 216-A-36B Crib is the southernmost portion 150 m
(500 ft) from the crib originally known as the 216-A-36 Crib (Figures 1-1
and 4.7-1). The original crib dimensions were 180 m (600 ft) long, 4 m
(12 ft) wide, and 4 m (12 ft) deep. At the bottom of the crib, a 0.02-m-
(0.5-ft-) diameter perforated distributor pipe was placed on a 0.3-m (1-ft)
bed of gravel, covered with another 0.3 m (1 ft) of gravel, and backfilled to
grade. Through the distribution pipe, ammonia scrubber distillate waste from
the PUREX Plant was discharged to the crib and allowed to percolate through
the soil column.

The original crib (2r6-A-36) received liquid effluent from September 1965
to March 1966. A substantial inventory of radionuclides was disposed and
assumed to have infiltrated sediments near the inlet to the crib. To continue
effluent discharge to the crib, the crib was divided into two sections:
216-A-36A- and 216-A-36B. Grout was injected into the gravel layer to form a
curtain separating the two sections. The liquid effluent discharge point was
moved to the 216-A-36B Crib section and the 216-A-36A Crib section was no
longer used. Discharge to the 216-A-36B Crib resumed in March 1966 and
continued until 1972,_when the-crib was temporarily removed from service. The
216-A-36B Crib was placed back in service in November 1982 and operated until
taken out of service again in October 1987.

Ammonia scrubber distillate disposed to the 216-A-36B Crib consisted of
a condensate from nuclear fuel decladding operations in which zirconium
cladding was removed from irradiated fuel by boiling in a solution of ammonium
fluoride and ammonium nitrate. Other waste stregm constituents included
the radionucides of tritium, 9Sr, u37Cs, 0 Ru, -Co, and uranium
(Buelt et al. 1988).

Waste disposed in the 216-A-368 Crib encountered approximately 97 m
(318 ft) of unsaturated Hanford formation sediments above the water table.
The water table beneath the 216-A-36B Crib occurs very near the hard-to-
distinguish contact between the unsaturated Hanford formation upper gravel and
sandy-sequences and the underlying Ringold gravel unit E. Approximately 40 m
(130 ft) of Ringold Formation sediments comprise the saturated zone beneath
the 216-A-36B Crib (WHC 1992). Section 4.1 provides additional information on
the hydrogeologic setting for the 216-A-36B Crib.
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An interim-status Resource Conservation and Recovery Act of 1976 (RCRA)
groundwater-monitoring pronrnm h- -pn-in-operation at the 216-A=36B Crib
since May 1988. The groundwater monitoring program-at-the 216-A-36B Crib is
currently in indicator parameter evaluation status. The RCRA closure/post-
closure plan for the 216-A-36B Crib is scheduled to be submitted to the
Washington State Department of Ecology (Ecology) and the U.S. Environmental
Protection Agency (EPA) in March 1996. This action will satisfy the
Hanford-Federal Facility Agreement and Consent Order Milestone M-20-34
(Ecology et al. 1992).

4.7.2 Summary of 1993 RCRA Activities

Groundwater samples were collected and analyzed for the indicator
parameter constituents during 1993 for the wells in the 216-A-36B groundwater
monitoring network. The groundwater samples were collected during
December 1992 and June 1993. The depth to the groundwater beneath the
216-A-36B Crib was measured in the monitoring network wells during each
quarter of the report period. The groundwater chemistry data and water level
measurements for the period covered by this report were reported in
Barnett (1992, 1993) and Kasza (1993a, 1993b).

During 1993, in response to the declining water table beneath the
216-A-36B Crib, water levels in the monitoring wells were compared to the
sample pump intake elevations and to the depth of the well bottoms. There is
no near-term need to replace any of the existing monitoring well network with
deeper wells as all wells have an adequate depth of water in the well to cover
the anticipated water level decline for the next several years. Several
sampl4ng pumps were- lowered- -to ensure- adequate sample quality.

4.7.3 Other Activities in 1993

---There-were-no- changes--in the PUREX Plant operational status that affected
the--2-16-A-36B Crib during 1993. In addition, there were no Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
program-sponsored activities in the 200-PO-2 operational unit, which
encompasses the 216-A-36B Crib.

4.7.4 Sampling and Analysis Program

The 216-A-36B Crib groundwater monitoring well network is illustrated in
Figure 4.7-1. The monitoring network consists of one well located upgradient
of the- facility and-six wells located downgradient. Monitoring well
information is presented in Table 4.7-1. All wells in the network meet RCRA
construction standards except wells 299-E17-5 and 299-E17-9. These two wells
are older remediated wells with perforated carbon steel casing and they may be
improperly sealed. These wells are not used in statistical evaluation of the
groundwater monitoring network.

4.7-3
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Table 4.7_1 Monitoring Wells in the 216-A-36B Crib Network.

Sampling Water Well Other
Well Aquifer frequency levels standard networks

299-E7-16" Top of unconfined S Q RCRA

917-17 Top of unconfined S Q RCRA -

299-E17-18. Top of unconfined S _ RCRA --

299-E-17-158 Top of unconfined Q Q RCRA 216-A-29

299-E17-14" Top of unconfined S Q RCRA --

299=E17=68-- Top of unconfined S Q PRE --

299-E17-5 6 5 Top-of unconfined 5 Q PRE --

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

PRE - well was constructed before RCRA-specified standards.
S- | - frequency on aquarterly basis.RLRA~_F3 -- 4 L R494-AC~I'CREA - wa is constrt LCU Ad Standards.

S - frequency on a semiannual basis.

-Groundwater samples-from- the 216-A-368--network wells -are-collected -and
analyzed semiannually for contamination indicator parameters, groundwater
quality parameters, drinking water parameters (DWS) (40 Code of Federal
Regulations [CFR] 264), and constituents of site-specific concern
(Table 4.7-2).

Well 299-E17-15 is shared with the groundwater monitoring network for
the 216-A-29 Ditch. This well is sampled on a quarterly basis to provide
supplementary local groundwater quality.data for the 216-A-29 Facility
groundwater quality assessment program.

-47.5 -Groundwater-Chemistry

T-he 2-16-A-36--C-ri-b- is-ocated-di-rectl-y--over nsra- pms- that define
areas where-specifir rnncti tuents exceed the DWSs (Section 4.1). While the
nitrate and g~ross beta plumes are localized beneath the 216-A-36B Crib, the
tritium and 'I plumes are more extensive and underlie other cribs. It is
difficult to determine if the 216-A-36B Crib is affecting the groundwater
quality in the area because of the similarities in effluent constituents
disposed at other cribs, the proximity of these liquid effluent disposal sites
to the 216-A-36B Crib, and also because of the rapid rate of groundwater
movement through the area.

4.7.5.1 Elevated Constituents. None of the four critical means for the
contamination indicator parameters were exceeded in the 216-A-36B Crib
monitoring wells during 1993. Constituents that exceeded DWSs in the

4.7-4
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Table 4.7-2. Constituents Analyzed in the 216-A-36B Crib.

Contamination indicator parameters

pH Total organic carbon
Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2,4-0 Endrin Methoxychlor
2,4,5-TP Silvex Fluoride Nitrate
Arsenic Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromium Lindane Toxaphene
Coliform bacteria Mercury Turbidity

Site-specific parameters

Ammonium ion Gamma scan Zinc
Benzyl alcohol Tritium

216-A-366 network-during 1993 are: gross beta, nitrate, tritium, unfiltered
iron, unfiltered chromium, and 90Sr (Barnett 1992, 1993; Kasza 1993a, 1993b).
Requests for Analytical Data Evaluations were submitted for all unusual
occurrences of -constituents.

The DWS for gross beta (DWS - 50 pCi/L) was exceeded at least once during
1993 in wells 299-EIJ-14,-299-E7-15, and 299-E17-16. -The hinhlst value was
found in well 299-E17-15 (115 pCi/L on 12/15/92). Decay of some of the
radionuclides in the 216-A-36B waste stream or the movement of groundwater may
account for the reduced observed gross beta values.

Nitrate concentrations (Figure 4.7-2) remained above the DWS (45,000 ppb)
in all weils during 1993-except wells 299-E17- ,299-E17417, and 299-El7-18.
Since the resumption of sample collection after the 1990-1991 hiatus, the
general trend for nitrate in the network is downward in all wells except
299-E17-16 and 299-E17-18.

The tritium DWS (20,000 pCi/L) was exceeded in all wells in the
216-A-36B groundwater monitoring network during both of the 1993 sampling
events-(Figure-4.7-3)v--The-measured concentrations of tritium are unchanged
to slightly lower than last year's results.

4.7-5
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Figure 4.7-2. Nitrate Concentrations in the 216-A-36B Network Wells.
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During 1993, the chromium DWS (100 ppb) was exceeded in unfiltered
samples from wells 299-E17-15, 299-E17-16, and 299-E17-18. Unfiltered
analytes exceeding the DWSs are the subject of a discussion in Section 2.2.4.

Iron in unfiltered samples also exceeded the DWS (300 ppb) in 1993 for
wells 299-E17-9, 299-E17-15, 299-E17-16, and 299-Ei7-18. The discussion in
Section 2.2-4 also pertains to this analyte.

4.7.5.2 Statistical Evaluation. During 1993, groundwater quality beneath the
216-A-36B Crib was subject to the RCRA-required continuing evaluation for
sites under-indicator parameter evaluation status. Appendix C presents an
explanation of the statistical evaluation method performed on the groundwater
analytical results. The statistical evaluations of the water quality data for

-- the-past-year consisted-of- comparisons-betw-en-upgradi ent and downgradient
wells for any indication of contamination in the groundwater underlying the
facility. Statistical analyses required by 40 CFR 264, 40 CFR 265.93(b), and
tashington Administrative -Code (WA) 173-303-40f-were performed on the samples
coliected-from-September -1988 -to Jno 1-989 -for upgradient wel1 299-El7-l1
(DOE-RL 1991). Results are presented in Table 4.7-3. This table lists the
background average, background standard deviation, and critical mean (or
critical range, in the case of pH) and upgradient/downgradient comparison
values for the four contamination indicator parameters. The critical mean
(or critical range) is the value to which current and future averages of
quadruplicate measurements are compared. For the 216-A-36B Crib site, the
calculated critical range for-pH-was too large to be meaningful. An alternate
range for upgradient/downgradient comparisons was calculated by using
upgradient data collected from September 1988 to June 1993 (see Appendix C).
Downgradient wells did not exceed the contamination indicator parameter

rnens Aduring 100.

The data from the-upgradient well that were used to complta critical
means came from a -different laboratory than recent data. The comparability of
recent indicator parameter data with historical data was evaluated to assess
impacts of the change of analytical laboratory and the time gap observed
between sampling events (0E-RL 1992). Recent-values of pH, specific
conductance, and total organic carbon are all comparable to historical data.
The critical mean for total organic halogen is presented here for the purpose
of completeness only. It will not be used for this year's comparisons because
of unsatisfactory laboratory audit findings (see Appendix A).

4.7.6 Groundwater Flow

-4-7.6.1 Groundwater Flow Direction. Water levels in the 216-A-36B network
-Were measured Auarterly and during semiannual sampling events in 1993
(Barnett 1992, 1993; Kasza 1993a, 1993b). Water level data, through
September 1993, for all wells in the 216-A-36B network are presented in
Figure 4.7-4. The average water level decline in these wells was

-- - -pproxiitaly --O4S-(0 ft )bte rt- 9ar1d nur -1993- -This-tend is
a continuation- of the long-term decline in-water-levels-that began during 1988

-after the shutdown of PUREX Plant operations and cessation of discharges to
the 216-A-36B Crib and other nearby liquid effluent disposal facilities.

4.7-7
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Table 4.7-3.
Contamination

Critical Means Table for 20 Comparisons--Background
Indicator Parameter Data for the 216-A-368 Crib.a,b

aData collected from September 1988 to June 1989 for upgradient
well 2-E17-17. Values calculated based on 20 comparisons.

aThe following notations are used in this table:
A1 C A.r aa-cc I ,.aa. II 1tip = deg e I If Ireo (n-II 1)

n = number of background replicate averages
tc = Bonferroni critical t-value for appropriate df and

20 comparisons.
CCriticai mean were calculated from values reported below

Lecontractually required quantitation limits (DOE-RL 1991).
dCritical mean were calculated using data analyzed by U.S. Testing,

Inc., Richland, Washington.
OUpgradient/downgradient comparison value for total organic halogen

cannot be established because problems associated with data quality preclude
the dvtermination of total organic halogen limit of quantitation.

Upgradient/downgradient comparison values for pH were calculated using
data collected from September 1988 to June 1993 (well 2-E17-17) because the
critical range calculated using four quarters of data is too large to be
meaningful.

NC - not calculated.

Groundwater flow directions in the vicinity of the 216-A-36B Crib are
poorly defined because the local hydraulic gradient is extremely low
(Figures 4.7-1 and 4.7-5). Based on the regional water table maps (see
Figures 2-4-"a4 _13) randwater-flow :I-towarj tith0asot.

4.7.6.2 Rate of Flow. Water table head gradient is estimated to be in the
range o.f 0,0L.. to0002_(WKcJ992). Rasd on these gradient estimates and
estimates of hydraulic conductivity (150 to 300 m/day [500 to 1,000 ft/day])

4. 7-8

Upgradient/
Constituent n dS t Average Standard Critical mean downgradient

(unit) C background deviation comparison
value

Specific 4 3 12.924 298.31 51.291 1,039.4 1,039.4
conductanpa

Field PH 4 3 16.326 7.811 0.175 [4.62, 11.00] [6.29, 9.27]

Total 4 3 12.924 558.63 149.13 2,713.5 2,713.5
organic
carbonc
(ppb)

Total 4 3 12.924 3.29 3.25 50.3 NCe
organic
halogend
[DOp) ~II____ ___________



9413 IS 1.0324

, .I

1990

I I I I I I

1991 1992

I I I

1993

408

407

406

405

404

403

402

401

-n

-~J

1994

ci

-c

- 0-

C5

1994)

t0 i2L4J.

Water Level
299-E17-14
299-E17-15
299-E17-16
299-E17-17
299-E17-18
299-E17-5
299-E17-9

Anomalous data removed

-

-

-

-

400 L
399

1989

0

10
w

tO

CD



DOE/RL-93-88, REV.

Figure 4.7-5. 200 East Area-and 216-A-36B Crib Vicinity
Water Table Map, June 1993.
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-and purs y (0.25) for the unconfined aquifer near the 216-A-36B Crib
(WHC 1992), groundwater flow velocities may range from 0.06 to 0.2 m/day
(0.2 to -0.8 ft/day). Regional-scale,-water table elevation changes indicate
that local groundwater flow is toward the south or southeast. The tritium
plume--maps also indicate that groundwater flow is directed to the southeast
(see Figure 4.1-22, Section 4.1).

It is not cossible to determine the vertical groundwater gradient due to
the lack of paired well completions in the surrounding area.

4.7S.i -Evaluation of Konitoring-WeV! Network. Water levels are measured
regulary and the adequacy of the existig monitoring netwark is evaluated
accordingly. Because of the steadily decreasing water levels since the newest
we--s- in the network-were-drilled-in -1988, the water level in each well was
compared to the depth of the screened interval and pump intake elevation to
ensure that sufficient volumes of water exist for sampling purposes. As
stated in Section 4.7.2, there is no near-term need to replace any of the
existing groundwater monitoring wells. Because the 216-A-36B Crib is
surrounded on all sides by seven groundwater monitoring wells, the
downgradient monitoring well network is currently adequate to monitor the
quality of the groundwater beneath the 216-A-36B Crib.

Because of the-low local hydraulic-gradient and-the continuing decline of
the regional water table, the evaluation of the upgradient well is difficult.
Very small relative changes in water levels between wells may constitute a
reversal in gradient. In addition, measurement errors, undetected surveying
errors, and daily water level fluctuations may affect the accuracy of reported
mater levtls and the estimates of flow direction and head. Figure 4.7-4 shows
that although well 299-EI7-17 was selected as an upgradient monitoring point
for the 216-A-36B Crib, two other wells in the network have had water levels
as high or higher in elevation during certain periods. On several occasions
during the current report period, downgradient wells 299-E17-14 and 299-E17-18
have had higher water levels _ttan upgradient_ well 299-E17_-17. The use of
well 299-E17-7 as the upgradient groundwater monitoring well may not be
appropriate in view of the current water table configuration. This problem
will be evaluated further and the network will be changed if needed.
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4.6 Lu A-11.1 CR

U.L. Kasza
Westinghouse Hanford Company

4.8.1 Facility Overview

The 216-A-10 Crib, now retired from use, was a liquid waste disposal
facility for the Plutonium-Uranium Extraction (PUREX) Plant. The
216-A-10 Crih-islocated-in-the-200_EastArea approximately 122 m (400 ft)
south of the PUREX Plant. It is also located approximately 110 m (360 ft)
east of the nearby 216-A-36B Crib (Figures 1-1 and 4.8-1).

The 216-A-10 Crib is 84 m (275 ft) long, has a V-shaped cross section,
and is 14 m (45 ft) deep. Several waste streams, collectively described as
the process distillate discharge, were disposed to the 216-A-10 Crib and were
allowed to percolate through the soil column. The 216-A-10 Crib first
received liquid wastes over a 4-month period during the PUREX startup in 1956.
In 1961, the 216-A-10 Crib replaced the 216-A-5 Crib and received PUREX
effluent continuously until 1973. Periodic discharges were received in 1977,
1978, and 1981. From 1982 to 1987, effluent discharges resumed on a
continuou9 basis. Discharge between 1981 to 1986 averaged 1 x 108 L
(2.6 x 10 gal) per year. In 1987, the 216-A-10 Crib was taken out of service
and replaced by the 216-A-45 Crib.

The process distillate discharge waste stream to the 216-A-10 Crib was
characteri-stically-acidic ard contained concentrated salts. Other waste
stream constituents included (1) aliphatic hydrocarbon compounds; Q) orgQnic
complexnts; and (3) the radionuclides: plutonium, uranium, 90Sr, Co, Cs,137CS, Ru, 116Ru, and tritium (Aldrich 1987).

Waste disposed in the 216-A-10 Crib encountered approximately 97 m
(318 ft) of unsaturated Hanford formation sediments above the water table.
The -water- table -beneath the -21-A-10 -Crib occurs very -near the hard-to-
distinguish contact between the unsaturated Hanford formation upper gravel and
sandy sequences and the underlying Ringold gravel unit E. Approximately 40 m
(130 ft) of Ringold Formation sediments comprise the saturated zone beneath
the 216-A-10 Crib (WHC 1992). Section 4.1 provides additional information on
the hydrogeologic setting for the 216-A-10 Crib.

An interim-status- Resource Conservation and Recovery Act of 1976 (RCRA)
groundwater monitoring network has been active at the 216-A-10 Crib since
November 1988. The groundwater monitoring program is currently in indicator
parameter evaluation status. The RCRA closure/post-closure plan for the
216-A-10-Crib is--scheduled to be submitted--to the Washington State Department
of Ecology (Ecology) and the U.S. Environmental Protection Agency (EPA) in
March 1996. This document will satisfy the Hanford Federal Facility Agreement
and Consent Order; Milestole M-20-33 (Ecology et al. 1992).
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4.8.2 Summary of 1993 RCRA Activities

Groundwater- samples -were--collected and analyzed for the indicator
parameter constituents during 1993 for-the wellsn the 216-A-10 Crib
groundwater monitoring network. These samples were collected during
December 1992 and June 1993. The depth to the groundwater beneath the
216-A-10 Crib was measured in the monitoring network wells during sample
collection and for each quarterly report period. The groundwater chemistry
data and water level measurements for the period covered by this report were
reported quarterly in Barnett (1992, 1993) and Kasza (1993a, 1993b).

-During=1993, in response to the declining water tabl@ berieath the
216-A-10 Crib, water levels in the monitorinq wells were comoared to the
sample pump intake elevations and to the depth of the well bottoms. It was
determined that there is no near-term need to replace any of the existing
monitoring well network with deeper wells as all wells have adequate depths
for sampling over the next several years. However, sampling pumps need to be
lowered in several wells to ensure adequate sample availability and quality.

4.8.3 Other Activities in 1993

There were no changes in the PUREX Plant operational status that affected
the 216-A-10 Crib during 1993. In addition, there were no Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
program-sponsored activities in the 200-PO-2 operational unit, which
encompasses the 216-A-10 Crib.

4.8.4 Sampling and Analysis Program

The 216-A-10 Crib monitoring network (Figure 4.8-1 and Table 4.8-1)
includes two upgradient wells and six downgradient wells. All RCRA monitoring
netwo-rk wells meet RCRA construction standards except wells 299-E17-1
and 299-E24-2. These two wells are older, remediated wells with perforated
carbon steel casing, and they may be improperly sealed. These wells are not
used in statistical evaluation of the groundwater monitoring network.

Groundwater samples from the 216-A-10 monitoring network are collected
and analyzed semiannually to detect and quantify any groundwater contamination
originating-frm-the faility. -Groundwater samples are analyzed for a series
of constituents which include: (1 i-nterim primary-4rinkngmater parameters
(40 Code of Federal Regulations [CFR] 265), (2) groundwater quality
parameters, (3) groundwater contamination indicator parameters, and (4) site-
specific constituents. The site-specific constituents were selected on
knowledge of the waste streams formerly discharged to the 216-A-10 Crib.
Table 4.8-2 lists these constituents. This sample and analysis program
exceedsfRCRA minimum requirements (40 CFR 264 and 40 CFR 265).

Wel~s 299-E17-20 and 299-E25-36 are also used for the 216-A-29
groundwater monitoring network. These wells are sampled on a quarterly basis
to satisfy the groundwater quality assessment monitoring requirements- for the
216-A-29 Facility.

Ar. O-n
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Table 4.8-1. Monitoring Wells in the 216-A-10 Crib Network.

Well A e Sampling Water Well Other
Aquifer_ frequency levels standards networks

299E24-8M Top of unconfined S Q RCRA --

Top of unconfined - - - RCRA-- --- 29

299-E17-198 Top of unconfined S Q RCRA --

299-E17-202 Top of unconfined Q Q RCRA 216-A-29

299-E24-168 Top of unconfined S Q RCRA --

299-E 24 -178 Top of unconfined S Q RCRA -

299-E24-2s6  Top of unconfined S Q PRE --

--Notest _Shading-denotes upgradipnt wells. Superscript following well
number denotes the year of installation.

PRE - -well--was constructed -before rCRA-npeCied stadards.
Q - frequency on a quarterly basis.

RCRA --well is- constructed to RCRA-specified standards.
S = frequency on a semiannual basis.

4.8.5 Groundwater Chemistry

The 216-A-10 Crib is located in a region where several groundwater
containant plumes define areas where specific constituents exceed the
drinking water standards (DWS) (Section 4.1). While nitrate and tritium
concentrations exceed the DWSs beneath the 216-A-10 Crib, these and other
contaminants are also detected beneath other cribs in the surrounding area.
It is difficult to determine if the 216-A-10 Crib is affecting the groundwater
quality because of the similarities in effluent constituents disposed at other
cribs, the proximity of these numerous liquid effluent disposal sites to the
2164A:1 Crib, and the rapid rate of groundwater movement through the area.

4.8.5.1 Elevated Constituents. No contamination indicator parameter critical
mean was exceeded in-the 216-A-10 groundwater monitoring network during 1993.
DWSs for the following constituents were regularly exceeded in the
216-A-1O---ne-twork--during 1993: tritium, nitrate, unfiltered chromium, and
unfiltered iron (Barnett 1992, 1993; Kasza 1993a, 1993b). Exceedances also
occurred for gross beta (DWS - 50pCi/L) in well 299-E24-18 sampled 6/3/93,
and for turbidity at wells 299-E17-20 and 299-E25-36 during the June 1993
sample collection. Requests for Analytical Data Evaluations were submitted
for all unusual concentrations of constituents.

4. 8-4
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Table 4.8-2. Constituents Analyzed in the 216-A-10 Crib
Groundwater Monitoring Network.

Contamination indicator parameters

P" Lotal organic carbon
Specific conductance -- Total organic halogen

-Groundwater qualty parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2,4-D Endrin Methoxychlor
2,4,5-TP Silvex Fluoride Nitrate
Arsenic Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromium Lindane Toxaphene
Coliform bacteria Mercury Turbidity

Site-specific parameters

-lbutynol Monobutyl phosphate Tritium
Dibutyl phosphate Tetrahydrofuran Uranium
Gamma scan Tributyl phosphate

Nitrate concentrations (Figure 4.8-2) exceeded the DWS (45,000 ppb) at
least once in allwells except 299-E24-18, and 299-E25-36 during 1993. The
trend of the nitrate concentration in the groundwater beneath the
216-A-10 Facility is generally steady to slightly reduced since 1987, except
in the upgradient well 299-E25-36. However, well 299-E25-36 is 430 m
(1,400 ft) east-northeast of the 216-A-10 Crib. Although levels of nitrate in
this upgradient welare rising,. the nitrate standard has not been exceeded
since the well was drilled in 1988.

-ritium concentrations (Figure 4.8-3) exceeded the DWS (20,000 pCi/L) at
least once in all -wells in--the--network--except upgraudient well- 299-E25-36. All
wells except the-upgradient well-show a decreasing- trend in tritium
concentrations since 1987 when discharges to the 216-A-10 Crib ended.

A discussion of the occurrence of high concentrations of unfiltered iron
anid ~romrIm.mi-- nr~rnte- i-fl S0Ctifln A

4.8-5
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Figure 4.8-2. Nitrate Concentrations in the 216-A-10 Network Wells.
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4.8.5.2 Statistical Evaluation. During 1993, the quality of the groundwater
beneath the 216-A-10 Crib was subjected to the required evaluation process for
sites in indicator nArAmpter evaluation status. Appendix C presents an
explanation of the statistical evaluation method performed on the groundwater
quality analytical results. The statistical evaluations of data for the past

-year-at-the 216-A-IC -Crib-consisted-of-comparisons-between upgradient-and
downgradient wells for any indication of contamination in the groundwater
underlying the facility. Statistical analyses required by 40 CFR 265.93(b)
and Washtngtorr4-Admtntstrative -Code- (WAC) 173-303-400 were -performed-on -the
samples collected from November 1988 to August 1989 for upgradient
wells 299-E24-18 and 299-E25-36 (DOE-RL 1991). Results are presented in
Table 4.8-3. This table lists the background average, background standard
deviation, critical mean (or critical range, in the case of pH), and
upgradientydowngradient comparison values for the four contamination indicator
parameters. The critical mean (or critical range) is the value to which
current-and-future averages-of-quadrupl icate-measurements-are compared. None
of the downgradient wells exceeded the contamination indicator parameter
critical mean.

The data from the upgradient wells that were used to compute critical
means came from a different laboratory than recent data. The comparability of
recent indicator parameter data with historical data was evaluated to assess
impacts of the-change of-analytical 1hnratory and the time gap observed
between sampling events (DOE-RL 1991). The recent values of pH, specific
conductance,- and total organic carbon were all comparable to historical data.
Total organic halogen will not be evaluated this year because of
unsatisfactory audit findings (see Appendix A).

4.8.6 Groundwater Flow

4.8.6.1 Groundwater Flow Direction. Water levels in the 216-A-10 network
were measured quarterly and during semiannual sampling events in 1993
(Barnett 1992, 1993; Kasza 1993a, 1993b). A composite hydrograph for data
through September-1993 for all wells in-the 216-A-10 network is presented in
Figure 4.8-4. Water levels declined in all wells during the report period
although an average is difficult to calculate due to several suspect water
level measurements. The average water level decline in the A-10 monitoring
well network was aDproximately 0.15 m (0.5 ft) between June 1992 and
June 1993. This trend in declining water levels is a continuation of a longer
term decline that became evident during 1988 and 1989, following the end of
PUREX Plant operations and cessation of discharges to the 216-A-10 Crib and
other nearby liquid effluent disposal facilities.

Groundwater flow in the vicinity of the 216-A-10 Crib is poorly defined
because the local hydraulic gradient is extremely low (Figures 4.8-1
and 4.8-5) and the quality of measurement data are occasionally suspect.
Based on the regional water table maps (see Figures 2-4 and 4.1-13),
groundwater flow is toward the south to southeast.

4.8.6.2 Rate of Flow. Regional hydraulic head gradient is estimated to be in
the range of 0.0001 to 0.0002 (WHC 1992). Based on these gradient estimates
and estimates of hydraulic conductivity (150 to 300 m/day [500 to

4.8-7
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Table 4.8-3. Critical Means Table for 24 Comparisons--Background
Contamination Indicator Parameter Data for the 216-A-10 Crib.fb

Upgradient/
Constituent n df t Average Standard Critical mean downgradient

(unit) C background deviation comparison
value

Specific 8 7 5.5799 273.31 77.643 732.8 732.8
conductance
(pmho/cm)

Field pH 8 1 7 6.26841 8.0241 0.319 15.90, 10.14] [5.90, 10.14]

i1 8 -7 5.5799 618.75 117.83 1,316.1 1,316.1
organic
carbon'
(ppb)
Total 8 7 5.5799 4.47 1.544 13.6 NCe
oraanic

-dhal ogend
[(ppb) I I

'Data collected from November 1988 to August 1989 for upgradient
wells 2-E24-18 and 2-E25-36. Values calculated based on 24 comparisons.

"The following notations are used in this table:
df - degrees of freedom (n-1)

n - number of background replicate averages
-t - Bonferroni critical t-value for appropriate df and

24 comparisons.
CCritical mean were calculated from values reported below the

contractually required quantitation limits (DOE-RL 1991).
dCritical mean were calculated using data analyzed by U.S. Testing,

Inc., Richland, Washington.
- eUpgradient/downgradient comparison value for total organic halogen

cannot be establihed because-problems associated with data quality preclude
the determination of total organic halogen limit of quantitation.

NC - not calculated.

1,000 ft/day]) and porosity (0.25) for the unconfined aquifer near the
216-A-10 Crib (WHC 1992), groundwater flow velocities may range from 0.06 to
0.2 m/day (0.2 to 0.8 ft/day). Regional-scale water table elevation changes
suggest that local groundwater flow is qenerally toward the south or
southeast. Tritium plume maps also-indicate that groundwater flow in the
southern half of the 200 East Area is directed to the-southeast (WlHl 102).

It is not possible to determine any vertical groundwater gradient because
there are no paired (shallow and deep) well completions in the immediate
vicinity.

4 .8R-
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Figure 4.8-5. 200 East Area and 216-A-10 Crib Vicinity
Water Table Map, June 1993.
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4.8.6.3 Evaluation of Monitoring Well Network. Water levels are measured
-regularly and the adequacy of the existing monitoring network is evaluated
accordingly. The water level in each well is compared to the depth of the
_screnet iaterialan4gup.. ke lo.ensnre-that suifficient _voluwesof water
exist for sampling purposes. As stated in Section 4.8.2, there is no near-
term need to replace any of the existing groundwater monitoring wells.
Because the 216-A-10 Crib is surrounded on all sides by six groundwater
monitoring wells, the downgradient monitoring network is currently adequate to
monitor the groundwater quality beneath the crib.

Because of the low hydraulic gradient and continuing decline of the
regional water table, the evaluation of the suitability of the upgradient
wells is difficult. Wells 299-E24-18 and 299-E25-36 were selected when the
monitoring well network was established (1988) to determine the groundwater
quality in the most probable upgradient directions from the facility.
Measurement errors, undetected surveying errors, and daily water level
fluctuations affect the accuracy of reported water levels and the estimates of
flow direction and head. As Figure 4.8-4 illustrates, it is currently
difficult to assign relative positions (upgradient or downgradient) for some
wells, because very small changes in water levels may constitute a reversal in
gradient. The selection of the upgradient well(s) for the 216-A-10
groundwater-mo-itering network may not be appropriate in light of the current
water table configuration and requires re-evaluation.
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4-.9 -216-B-63 TRENCH

M. 0. Sweeney
Westinghouse Hanford Company

4.9.1 Overview of the Facility

The 216-B-63 Trench, in service from March 1970 to February 1992,
receivedliqWidffluent [378,540 to 1,514,160 L/d (100,000 to 400,000 gal/d)]
from the B Plant chemical sewer. The liquid effluent was a 70/30 mixture of
steam condensate and raw water, which was disposed to the west end of the
-open, unlined--earthen trench.-- Past -releas-es to the trench included
radioactive and dangerous waste. Documented hazardous discharges occurred
from 1970 to October 1985, and consisted of aqueous sulfuric acid and sodium
hydroxide solutions that exceeded pH values of 2.0 and 12.5, respectively.
Radioactive soils-were-dredged from-the trench-in-August-1970, but no records
exist of-radioactive waste disposal to-the trench. Starting in 1985, physical
controls, radiation monitors, and operating procedures were modified to avoid
inadvertent dischargetn-f tcemicalsor radioactive substances to the wastewater
stream. Although liquid effluent discharge to the 216-B-63 Trench ceased
permanently in February 1992, the trench will be maintained for B Plant
discharges in the event of an emergency.

AResourceConservation and Recovery Act of 1976 (RCRA) indicator
evaluation groundwater monitoring network is being established under
guidelines established in the RCRA interim-status groundwater monitoring plan
for the 216-B-63 Trench (PNL 1989) and in accordance with the Hanford Federal
Facility Agreement and Consent Order Milestone M-20-38 (Ecology et al. 1992).
Thisrietwork operates under-RCRA interim-status regulations (40 Code of
Federal Regulations [CFR] 265). Until February 1992 the 216-B-63 Trench
received wastewater from the B Plant located in the 200 East Area (see
Figure 1-1, Chapter 1.0). This wastewater contained dangerous waste and
materials. Because the 216-B-63 Trench is not expected to receive additional
effluent, the U.S. Department of Energy (DOE), Richland Operations Office (RL)
has proposed that the trench be closed under RCRA interim-status regulations
(40 CFR 265). A closure plan for the 216-B-63 Trench is due to be submitted
in may 1996.

The 216-B-63 Trench lies at an elevation of about 195 m (640 ft) along
the northern flank of Cold Creek bar. Cold Creek bar was formed along the
margin of a Pleistocene cataclysmic flood channel located in the northeastern
part-ion of the 200 East Area (see Figure 4.1-1, Section 4.1). The land
surface-in the vicinity of th trench dips at -44 m/mi (-145 ft/mi) (<20) to
the northeast, toward the axis of the paleochannel.

-- Essentially, only-a singl- stratigrapic unit, the-Hanfard-formation,
overlies basalt beneath the site. The sediments directly beneath the
216-a-63 Trench appear to be mostly mixtires ofsand ndgravei associated
with high-energy deposition by cataclysmic floods. Lateral facies changes
occur in the fl-od deposits to the -south and west, however, away from the axis
of the main flood channel. Along the southern margin of the flood channel,

4.9-1
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deposits become finer grained -and include fine sand, silt, and occasionally
mud strata, which could act locally as-aquitards leading to perched water
conditions.

The sediments overlying the basalt become progressively thinner to the
northeast. The sediments are 76 to 79 m (250 to 260 ft) thick beneath the
trench. Th thiknessAf_ thsaturated zone varies from 0.15 to- 2m (0.5 to
7 ft). The water table varies from 59 to 61 m (195 to 200 ft) below ground
surface.

4.9.2 Sumiary of 1993 RCRA Activities

The 12 wells in the monitoring network were sampled between December 1992
and June 1993 for contamination indicator, groundwater quality, and drinking
water quality parameters, as well as uranium, tritium, gamma scan, and
volatile-organic compounds.- Results-of these sampling event analyses are
discussed in Section 4.9.3. More detailed discussions of this site were
included in each of the four quarterly reports (e.g., DOE-RL 1994).

Monthly water level measurements of the four-well monitoring network were
made from October 1992 through September 1993, in addition to routine water
level measurements made at the time of sampling.

4.9.3 Samplina and Analysis Program

The current groundwater monitoring network consists of 12 wells
(Table 4.9-1). The well locations are shown in Figure 4.9-1. The monitoring
network conforms to the groundwater monitoring plan for 216-B-63 Trench
(PNL 1989).

Several quarters of groundwater chemistry data are available for most of
the 216-B-63 groundwater monitoring wells for fiscal year 1993. The wells
have been sampled for contamination indicator parameters--drinking water
standards (DWS), groundwater quality parameters, and site-specific parameters
as identified in Table 4.9-2. Site-specific parameters were selected based
on a history of waste disposed of at this site and in surrounding waste
mananmont area.

4.9.4 Groundwater Chemistry

Groundwater chemistry samples were collected for most wells within the
216-B-63 groundwater monitoring network during 1993. Only two 216-B-63 wells
(299-E27-18 and 299-E27-19) were sampled all four quarters in fiscal
year 1993. The remaining wells continued to be sampled on a semiannual
schedule.

4.9.4.1 Constituents of Concern. At the present time, there are no dangerous
or radioactive constituents in the groundwater. During 1993, constituents
detected consistently above DWSs within the 216-B-63 monitoring network -

4.9-2
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Table 4.9-1. 216-B-63 Groundwater Monitoring Network.

WqSampling Water Well Other
Well Aquifer frequency levels standard networks

299-E27-1189  Top of unconfined S Q RCRA LLWMA-2

299-E27-46 PTp .unnin S Q RCRA --

299427-8-- Tp of unconftned 'S Q RCRA LLWMA-2

299-E27-9 7 Top of unconfined

299-E33-3390 Top of unconfined

S.

S
Q

Q

RCRA LLWMA-2

RCRA SST B-BX-BY

299-E33-3690  Top of unconfined S Q RCRA --

299-E33-3790 ITop of unconfined S Q RCRA --

299-E34-8 90  Top of unconfined S Q RCRA LLWMA-2

299-E34-10 9' Tap of unconfined S .. RCRA LLWMA-2

209-EL27-179' -p of unconfined S RC-RA--- LLWMA-2

299-E27-18" Top of unconfined S Q RCRA --

299-E27-199 Top of unconfined S Q RCRA

Notes: Shading denotes upgradient wells.
number denotes the year of installation.

LLWMA = Low-Level Waste Management Area.
-frequency on a quarterly basis.

Sr_=feu1n is constructed-ntonRCRA-speri
S - frequency on- a semiannual basis.

Superscript following well

fied standards.

include unfiltered iron and chromium. All remaining constituents that
occurred above the DWS (i.e., coliform bacteria, turbidity) occurred
sporadically among several wells at different times, suggesting suspicious
data. The quality of these data are being evaluated. These constituents will
be closely monitored and evaluated in subsequent quarterly reports. Elevated
levels of unfiltered iron and chromium (Figures 4.9-2 and 4.9-3) appear to be
derived from well construction practices rather than from groundwater (see
Section 2.2.4). This is indicated by filtered samples, which generally are
near or below the contractually required quantitation limit for these
constituents (Figures 4.9-4 and 4.9-5).

4.9.4.2 Statistical Evaluation. The four quarters of sampling required for
evaluation of background parameters has been completed for the 216-B-63 Ditch.
The statistical methods used to establish initial background levels are
discussed-in Appendix C.- The background parameters were evaluated and
criticalmeans-for each werecalculated (with the exception of total organic
halogen; see Appendix A) and are presented in Table 4.9-3. Downgradient wells
did not exceed control limits for any quarter in 1993. Well 299-E27-8 did
have a pH exceedance for field-generated data but laboratory pH results were
within the critical mean for this parameter.

4.9-3



21I ;4

00

vC0
0
0010
vn

0
C
0)
ti

0
0
0

0
0O

I

4'
-N-

I' N4600C

LLWMA 2

N45500
--33 -- 216-13--63 Trench E34-3 

E:34-8

E34-10

E34-2 N45000

E2 27-17
E27-16 

E27-180

E27-19 E27-11
< E27- 1 E27- 44500
R 27O'N E27-10E27-9

Leaenj

0 Ground Water Monitoring Well

Generalized Flow Direction

0 250 500 Feet

0 '100 200 Meters

RCRA-AR\121092C3

C
C
U,
In

U3

Is
ID

4U

CD

CI

C+

-h

On
I

7,

uD

E33

E33-36&

E33-37

* E28-5

m

00

Co

m

CD

.a
to



DOE/RL-93-88, REV. 0

Table 4;9-2-.- c-onstituent- List for the 216-8-63 Trench
Monitoring Network.

Contamination indicator parameters

PHn Total organic carbon
Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2,4-D Endrin Methoxychlor
L,4-TPr 1Ivex Fluoride Nitrate
Arsenic Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromium Lindane Toxaphene
Coliform bacteria Mercury Turbidity

Site-specific parameters

Gamma scan Sulfate Uranium
Sodium Tritium Volatile organic

analysis

4.9.5 Groundwater Flow

4.9.5.1 Groundwater Flow Direction. In general, groundwater levels continued
to decline in 1993 (Figure 4.9-6). Water levels are recorded quarterly and
during sample collection. These data are reported in previous quarterly
reports of RCRA groundwater monitoring data (DOE-RL 1994). A water table map
of the 200 Areas for June 1993 is presented in Figure 4.1-13, Section 4.1.
Water table elevations reveal a westward flow direction that roughly parallels
the trend of the 216-B-63 Trench (Williams 1992). A significantly steeper
-gradient than that observed for the region (Williams 1992), is still apparent
based on an anomalously low water level reading measured at the west end of
the trench-in well 299-E33-36. The elevation of this well is considered
suspect and will be resurveyed during the next quarter.

4.9.5.2 Rate of Flow. The horizontal groundwater gradient in the unconfined
aquifer under the 216-B-63 Trench is approximately 6.7 x 10'5 between
imels 299-E27-9 and 2993-E3-33 1ins1993. -Appi-i-ng--t-ris estimated- gradient to a
form of Darcy's law

V = (Ki)
n

4.9-5
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Figure 4.9-2. Unfiltered Iron Versus Time Plot for
- -Several 216-1--63 Well1S.
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Figure 4.9-3. Unfiltered Chromium Versus Time Plot for
Several 216-B-63 Wells.
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Figure 4.9-4 . Filtered Iron Versus Time Plot for
Several 216-B-63 Wells.
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Table 4.9-3. Critical Means Table for 48 Comparisons--Background
Contamination Indicator Parameter Data for the 216-B-63 Trench.a,

UpgradiC1nt/
Constituentin df Average Standard Critical mean downgradient

(un d background deviation riia encomparison
value

Specific 21 20 4.224 369.393 60.192 629.6 629.6
conductance
(Mmho/cm)

Field pH 20 19 4.572 7.975 0.190 [7.08, 8.87] [7.08, 8.87]

Total 20 10 4.67 500 NC NC 1,400e
organic
carbonC
/ nnJ, 

Total NC NC NC
organic

aData collected from July 1992 to April 1993 for upgradient
wells 2-E27-8, 2-E27-9, 2-E34-10, and 2-E27-17. Data collected from
July 1992 to July 1993 for upgradient well 2-E27-11. Values calculated based
on 48 comparisons.

bThe following notations are used in this table:
df = degrees of freedom (n-1)
n = number of background replicate averages

tc = Bonferroni critical t-value for appropriate df and
48 comparisons.

cCritical mean cannot be calculated because of lack of an estimate of
background standard deviation.

dCritical mean cannot be calculated because of problems associated with
Udtd qudlIty.

eUpgradient/downgradient comparison value for total organic carbon is
the limit of quantitation based on 1993 field blanks data (see Appendix A).

NC- not calculated.

where:

v = Average linear velocity in m/d (ft/d)
K = Hydraulic conductivity in m/d (ft/d)
i Hydraul-ic g;radit IAmnnsiznl2zz)
n = Effective porosity (dimensionless).

The calculations of groundwater velocity assume horizontal flow and a
homogeneous aquifer. The following inputs from slug test data were used to
determine the velocity near well 299-E34-8:

K = 182 m/d 596 ft/d)
= 0.7 ( t . )

n = 0.20 (Graham et al. 1981).

A.9Q-A
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Figure 4.9-6. Hydrographs of Water Level Measurements
-- - --- (Feet Above Sea Level, 'r 216-B-63 Wells.
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- The gtven-value-of-K-is-representattve-of the-Hanford formation, based on
pump tests in the 200 Areas (see Figure 4.1-15, Section 4.1). The calculated
velocity is 0.06 m/d (0.2 ft/day).

4.9-5.3 Monitoring Well Network- Based on the MEMO groundwater modeling
program (Jackson et al. 1991), the existing network should provide a
monitoring efficiency of 66 to 85% for the 216-B-63 Trench. The 66%
monitoring efficiency results from a flow-direction azimuth of 2700 (toward
the west), while an 85% monitoring efficiency is associated with a 2250
azimuth flow direction (toward the southwest).

The current network is composed of six wells drilled specifically to
monitor the 216-B-63 Trench. The network also includes five wells drilled to
monitor the Low-Level Burial Grounds located just north of the 216-B-63 Trench
(upgradient), and one well drilled to monitor the single-shell tanks
(upgradient). Currently the network is considered adequate but will be
cantinuouly_ evaluated as water leveis and groundwater gradients change
throughout time.

-Water-level-elevations recorded for-well 299E33-36 may be in error.
Resurveying of the network is presently underway to determine if vertical
control errors were made during the initial survey of this well.

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous
Waste Treatment, Storage, and Disposal Facilities," Code of Federal
Regulations, as amended.

DOE-RL, 1994, Quarterly Report of RCRA Groundwater Monitoring Data for Period
--July 1- 1993-through-September 30S-1993, OOE/Rt-93-56-3, U.S. Department
of Energy, Richland Operations Office, Richland, Washington.

Ecology,-- EPA, and--DOE,-1-992, Hanfl rd Fdera I Faci lity Agreement and Consent
Order, 2 vols, as amended, Washington State Department of Ecology,
U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington.

Graham, M. J., M. D. Hall, S. R. Strait, and W. R. Brown, 1981, Hydrology of
the Separations Area, RHO-ST-42, Rockwell Hanford Operations,
Richland, Washington.

Jackson, R. L., C. M. Einberger, R. B. Mercer, and C. R. Wilson, 1991,
Efficiency Based Groundwater Monitoring Network Design for Hazardous
Waste Sites, WHC-SA-1157-FP, Westinghouse Hanford Company,
Richland, Washington.

PNL, 1989, 40 CFR interim Status Indicator-Evaluation Groundwater Monitoring
Pan ftrthe-216-B-63 Trench, PNL-6862, Pacific Northwest Laboratory,
Richland, Washington.
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Resource Conservation and Recovery Act of 1976, 42 USC 6901 et seq.

Williams, B. A., 1992, "216-B-63 Trench
Groundwater Monitoring Projects at
DOE/RL-92-03, Westinghouse Hanford

," in Annual Report for RCRA
Hanford Site Facilitinc for 1991,
Company, Richland, Washington.
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4.10 200 EAST AREA LIQUID EFFLUENT RETENTION FACIITTY

N. D. Sweeney
Westinghouse Hanford Company

4.10.1 Overview of the Facility

The liquid Effluent Retention Facility (LERF) consists of four
24.6 x 10 -L (6.5-Mgal) surface impoundments (basins), located on a 15.8-ha
(39-acre) site northeast of the 200 East Area on the Hanford Site
(Figure 4.10-1). Three of the basins were constructed of two composite
liners, a leachate collection system between the liners, and floating covers.
The fourth basin has been excavated but has not been completed and will not be
used for 242-A Evaporator effluent.

--The-242-A-Evaporator was-used to treat double-shell tank (DST) waste.
Effluent from the 242-A Evaporator was discharged to cribs in the 200 East
Area. The evaporator was shut down when listed waste was found in the
effluent stream. Plans to restart the 242-A Evaporator are being made. The
LERF will act asa tempnorarv storage facility until an effluent treatment
system- is operational.

The waste stored in the LERF will be a dilute, aqueous mixed waste stream
generated from the treatment of the DST waste by the 242-A Evaporator. Key
constituents detected in the effluent stream from the 241-A Evaporator hve
been acetone, aluminum, 1-butanol, 2-butanone, tritium, Sr, 1 Ru, and 1T Cs.

-urther onfbrmatn nn the- effect on groundwater from release of this waste
stream is documented in the Liquid Effluent Study Final Report (WHC 1990).

A groundwater monitoring network has been established for the LERF
(WHC 1991). The LERF will receive and store 242-A Evaporator process
condensate effluent, which is a mixed waste. The 242-A Evaporator process
conIensate-efuet-is-regut s a dan Os waste under Washington
Administrative Code (WAC) 173-303 because of the toxicity of the ammonia and
the presence of listed waste constituents. An interim-status groundwater
monitoring systea is requirPri to determine existing groundwater quality at the
LERF site until a final permit has been approved (40 Code of Federal
Regulations-[QFR) 265).

Four wells have been constructed and are used to monitor groundwater
levels and water quality. Data from these wells were used to establish
initial background groundwater quality.

A dangerous waste permit application (DOE-RL 1991) was submitted for
review in June 1991. No response on the application has been received. Refer
to Section 4.1 for overview of 200 Areas geology.

4.10.2 Summary of 1993 RCRA Activities

The three wells in the monitoring network were sampled in December 1992
and June 1993 for contamination indicator, groundwater quality, and drinking
water nuality parameters, as well as uranium, tritium, gamma scan, and

4.10-1
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volatile organic analysis. One well in the monitoring network has gone dry.
Results of these sampling event analyses are discussed in Section 4.10.3.
More detailed discussions of this site were included in each of the four
quarterly reports (e.g., DOE-RL 1994).

Monthly water level measurements of the four-well monitoring network were
made from October 1992 through September 1993, in addition to routine water
level measurements made-at- the time of sampling.

---- The three remainintgwell- that tntercept water within the current
monitoring network completed quarterly sampling in 1993. One well in the
network went dry during 1993. Background values have been established for
detection-level indicator parameters. Water level measurements were taken
quarterly and at the time of sampling during 1993.

4.10.3 Sampling and Analysis Program

The current groundwater monitoring network consists of four wells
(Table-4.10-ly. The well locations are shown in Figure 4.10-1.

Several quarters of groundwater chemistry data are available for most of
the LERF groundwater monitoring wells for fiscal year 1993. The wells have
been sampled for contamination indicator parameters, drinking water standards
(DWS), groundwater quality parameters, and site-specific parameters as
identified in Table 4.10-2. Site-specific parameters were selected based on

-a-history-of waste -disposed in surrounding waste management areas and on
proposed waste characteristics for the effluents targeted for LERF.

4.10.4 Groundwater Chemistry

Groundwaterchemistry samples were collected for most wells within the
LERF groundwater monitoring network during 1993. Only one well could not be
sampled for all four quarters in 1993. Well 299-E26-9 has been taken off of
the sampling schedule due to the-low water level in the well casing (0.15 m
[0.5 ft]).

4.1G.4.1 Constituents-f Concern; During 1993, constituents detected above
DWSs within the LERFimonitnring network include- nfiltpred iron and chromium.
Constituents monitored during semiannual sampling at the LERF are listed in
Table 4.10-3. Elevated levels of unfiltered iron and chromium (Figures 4.10-2
and 4.10-3) appear to be derived from well construction practices rather than
from groundwater (see Section 2.2.4).

4.10.4.2 Statistical Evaluation. Statistical evaluation of data for the past
year at the LERF consisted of comparisons between the upgradient and
downgradient wells for any indication of contamination in the groundwater
beneath the facility. The statistical methods used to establish initial
background levels are discussed in Appendix C. One of the downgradient wells
(299-E26-9) has gone dry and has been removed from the sampling schedule and
is not included in the statistical evaluation.

4.10-3
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Table 4.10-1. Liquid Effluent Retention Facility Groundwater
Monitoring Network.

Well Aquifer Sampling Water Well Other
WelAqie frequency levels standard networks

299-E26-1."9 Top of unconfined S. Q RCRA --

299-E26-109 Top of unconfined S Q RCRA --

299-E26-9 8 7  Top of unconfined Sa Q RCRA --

2-E52 7 Top of uncanfined S Q I RCRA -

- Notes:_Shading denotes upgradient wells.
number -denotes the year of installation.

Taken off sampling schedule (see text).
Q = frequency on a quarterly basis.

RCRA = well is constructed to RCRA-speci
S = frequency on a semiannual basis.

Superscript following well

fied standards.

Table 4.10-2. Constituent List for the Liquid Effluent
Retention Facility Monitoring Network.

Contamination indicator parameters

pH Total organic carbon
Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

urinking water parameters

2,4-D Endrin Methoxychlor
2,4,5-TP Silvex Fluoride Nitrate
Arsenic Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromium Lindane Toxaphene
Coliform bacteria Mercury Turbidity

Site-specific parameters

Gamma scan Uranium Volatile organic
Tritium analysis

4.10-4
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Table 4.10-3. Critical Means Table for 12 Comparisons--Background
Contamination Indicator Parameter Data for the

Liquid Effluent Retention Facility. ab

Upgradient/
Constituent n df t Average Standard Critical mean downgradient

(unit) c background deviation comparison
value

Specific 4 3 10.869 332.125 11.736 474.7 474.7
conductance
(pmho/cm)

Field pH 4 3 13 . 745  7.742 0.311 [2.96, 12.52] [6.32, 9.36]0

La-i 4 3 0.869 713.75--. J 295.364 4,308 4,308
organic
carbon'
(Pp6)

Total NC NC NC NC NC NC NC
jorganic-
halogend
(ppb)

fdataCollected from June-1991 to April -1992 for upgradient
well 2-E26-11. Values calculated based on 12 comparisons.

bhe following-notations are used in this table:
df - degrees of freedom (n-1)
n = number of background replicate averages

tc - Bonferroni critical t-value for appropriate df and
__12_comparisons.

CCritical mean was calculated from values reported below the
contractually required quantitation limit.

iCriticaltmean cannot-be-calculated because of problems associated with
data quality.

- Upqradient/downqradient comparison values for pH were calculated using
data from June 1991 to October 1993 (well 2-E26-11) because the critical
range calculated using four quarters of data is too large to be meaningful.

NC = not calculated.

Statistical evaluation required by 40 CFR 265.93(b) and WAC 173-303-400
were performed on samples collected from June 1991 to April 1992 for the
upgradient well listed in Table 4.10-1. Results are presented in
Table 4.n.-3. Total organic halogen is not evaluated due to problems
associated with data quality (seeAppendixA). - For the LERF, the critical
range for pH was too large to be meaningful. An alternate range for
upgradient/downgradient comparisons was calculated using upgradient data
collected from June 1991 to October 1993 (see Appendix C). Downgradient wells
didnot exceed control limits for any quarter in 1993.

4.10-5
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Figure 4;10-2. Unffiltered Itbb Versus Time Plot for
Several Liquid Effluent Retention Facility Wells.
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4.10.5 Groundwater Flow

4.10.5.1 Groundwater Flow Direction. In general, groundwater levels between
the LERF continued to decline in 1993 (Figure 4.10-4). Water levels are
recorded quarterly and during sample collection. These data are reported
in previous -quarterly- reports of RCRA -groundwater monitoring data
(e.g., DOE-RL 1994). A water. table map for June 1993 is presented in
Figure 4.1-13, Section 4.1.

4.10.5.2 Rate of Flow. The horizontal groundwater gradient in the unconfined
aquifer under the LERF is approximately 0.001 between wells 299-E26-11 and
299-E26-9. An estimation of the average linear groundwater velocity can be
calculated from the following-equation based on Darcy's law:

v = (i)(1)
n()

where:

v = Velocity in m/d (ft/d)
K - Hydraulic conductivity in m/d (ft/d)
i = Hydraulic gradient (dimensionless)
n = Effective porosity (dimensionless).

The calculations of groundwater velocity assume horizontal flow and a
homogeneous aquifer. The following inputs from slug test data were used to
determine the velocity near the well 299-E26-9:

K = 122 m/d (400 ft/d)
i = 0.001
n = 0.20 (Graham et al. 1981).

The given value of K is representative of the Hanford formation based on
pump tests in the 200 Areas (see Figure 4.1-15, Section 4.1). The calculated
velocity is 0.6 m/d (2 ft/d).

The current network is composed of four wells. The network is currently
considered adequate but will be continuously evaluated as water levels and
groundwater gradients change throughout time. No other wells are under
consideration at this time.

4.10-7
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Waste Treatment, Storage, and Disposal Facilities," Code of Federal
negUlations, as amended.

DOE-RL, 1991, Liquid Effluent Retention Facility Dangerous Waste Permit
Application, DOE/RL-90-43, U.S. Department of Energy, Richland Field
urrice, Richland, Washington.
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of Energy, Richland Operations Office, Richland, Washington.
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Richland, Washington.

WAC 173-303, "Dangerous Waste Regulations," Washington Administrative Code,
as amended.

WMC, -1990, Liquid-Efftuent Study Final Report, WiC-EP-036,_ Westinghouse
Hanford Company, Richland, Washington.

WHC, 1991, Interim Status Groundwater Monitoring Plan for the 200 East Area
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4.11 21i- POND

E. C. Thornton
Westinghouse Hanford Company

N. A. Chamness
Pacific Northwest Laboratory

4.11.1 Facility Overview

The 2101-M Pond is a U-shaped, unlined trench located west-southwest of
the-2101-M Building in the southwest portion of the 200 East Area
-(Figure-4.11-1)-- --It -has-received wastewater from the 2101-M Building heating
and air conditioning system since 1953. Copper has been detected in pond soil
samples and is thought to be related to piping in the 2101-M Building heating,
ventilating, and air conditioning system. In 1981, Basalt Waste Isolation
Project laboratories were plumbed into the discharge line from the
2101-M Building to the 2101-M Pond. From 1981 until mid-1985, these
laboratories may have discharged dangerous waste into the 2101-M Pond. The
most important chemicals used in the 2101- Laboratory were barium chloride
and hydrochloric and nitric acids, and they are assumed to have been disposed
of in laboratory drains connected to the 2101-M Pond. Selenium and chromium
are also potential contaminants associated with laboratory operations.
A -revision of the-closure-plarr (DOE-RL--1993) has-been wri-tten- and-submi-tted to
the Washington State Department of Ecology (Ecology) for review.

The 2101-M Pond has been monitored under Resource Conservation and
Recovery Act of 1976 (RCRA) interim-status regulations (40 Code of Federal
Regulations [CFR] 265) in an indicator evaluation program using a four-well
network since November 1989 (Chamness et al. 1989). The monitoring wells are
-installed in the unconfined aqutfer-tithin-fluvial sand and gravel-dominated
facies of the Ringold Formation (see Section 4.1). The Ringold Formation at
this site is a muddy, sandy gravel to a slightly muddy gravelly sand over the
screened -iterval, which ranges from approximately 92 to 101 m (302 to 331 ft)
below top of casing. The 2101-M Pond is located within the 200-SS-1 operable

4.11.2 Summary of 1993 RCRA Activities

The four wells in the monitoring network were sampled in December 1992
and June 1993 for contamination indicator, groundwater quality, and drinking
water quality parameters, as well as uranium, tritium, gamma scan, and
technetium. Results of these sampling event analyses are discussed in
Section 4.11.4. More detailed discussions of this site were included in each
of the four quarterly reports (Chamness 1993a, 1993b, 1993c; Thornton 1994).

ionthly water level meas-urmentsnf the four-well monitoring network were
made from October 1992 through September 1993, in addition to routine water
level measurements made at the time of sampling. A discussion of the water
level measurements is included in Section 4.11.5.

4.11-1
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Figure 4.11-1. Monitoring Well Locations for the 2101-M Pond.
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4.11.3 Sampling and Analysis Program

-The indicator evaluation grmundwater monitoring_ program for the
2101-M Pond is described in Chamness et al. (1989). There were no
modifications to the program in 1993.

The monitoring network consists of one upgradient (299-Ei8-i) and three
downgradient (299-E18-2, 299-E18-3, and 299-E18-4) groundwater monitoring
wells installed in the uppermost portion of the unconfined aquifer. Sampling
began in August 1988 and was conducted on a quarterly basis until August 1989
to establish background values. Semiannual indicator parameter evaluation
monitoring was initiated in November 1989. A well location map is shown in
Figure 4.11-1. Additional information regarding the monitoring network is
provided in Table 4.11-1.

Samples were collected from all four wells in December 1992 and
June 1993. All four wells were analyzed for the constituents listed in
Table 4.11-2. Resampling for total organic halogen (TOX) only was performed
in November 1992 due to high results associated with some of the wells sampled
in June and July of 1992. The next regularly scheduled sampling of the
monitoring network is December 1993.

4.11.4 Groundwater Chemistry

4.11.4.1 Constituents of Concern. All of the results received in 1993 were
-below-the drinkinq-water-standarus with the exception of some unfiltered
metals and turbidity. Regulatory standards for turbidity do not apply to
groundwater, which is measured at this site only as an indicator of solids
content-. Only-filtered metals are used in measuring impact of the site on the
groundwater. Unfiltered metals are analyzed for use as a comparison with the
filtered metals and to evaluate well construction or other effects on
groundwater sample data. Elevated unfiltered chromium, iron, manganese, zinc,
and nickel concentrations are thought to have been introduced during or after
well construction (e.g., metal corrosion products or clays). Well 299-E1B-1,
for example, exhibited a turbidity of 47.3 nephelometric turbidity units in
June 1993 and elevated unfiltered metal concentrations, including aluminum.
None of these metals are believed to have been discharged to the 2101-M Pond,
and this well is upgradient of the pond.

A uranium value associated with the sampling of well 299-E18-2 in
June 1992 was approximately double that of measurements obtained previously.
The concentration of uranium associated with sampling of the well in
December 1992 was consistent with earlier measurements, indicating that the
JaaeJ199Zmeasurement was nrohahlv erroneous.

The four contamination indicator parameters, pH, conductance, total
organic carbon (TOC), and TOX, are monitored for the continuing evaluation of
the 2101-M Pond Facility's impact on groundwater. TOX was elevated in three
of the four wells sampled during June and July 1992. Later sampling
activities suggest that these were anomalous values. The elevated TOX is
believed to be a result of laboratory problems based on the issuance of a
nonconformance report by the laboratory specifically related to 2101-M Pond

4.11-3
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Table 4.11-1. Monitoring Well Network for the 2101-M Pond.

Well Aquifer Sampling Water Well Other
frequency levels standards networks

299-Ei8-1" Top of unconfined S M RCRA B Pond

299-E18-2' Top of unconfined S M RCRA --

299-E18-3' Top of unconfined S M RCRA --

299-E18-48 Tnn of unconfined S M RCRA -

Notes: Shadin d -nnts "pgradient wells. Superscript following well
number denotes the year of installation.

M - monthly sampling frequency.
RCRA = well is constructed to RCRA-specified standards.

S = semiannual sampling frequency.

Table 4.11-2. Constituents Analyzed at the 2101-M Pond.

Contamination indicator parameters

pH Total organic carbon
Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
!ran Phenols Sulfate

Drinking water parameters

r -2- D----o Methoxyclorar 6 - - E lur- ]I

2,4,5-TP Fluoride Nitrate
Arsenic Gross alpha Radium

irnss beta Selenium
Cadmium Leada Silver
Chromium Lindane' Silvex'
Coliform' Mercury Toxaphenea

Site-specific parameters

Gamma scan0  Tritiumb Uraniumb
Technetiumb Turbidity

'Analyzed once a year.
bWillbe analyzed for only a few times to help establish background

contamination and groundwater flow direction.

4.11-4
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and later unsatisfactory audit findings (see Appendix A). Specific
-rndatanrp, pH, and TOG values -have not exceeded- that- of the statistical
background (see Section 4.11.4.2). Data discussed here have been presented in

-the -quarterly reports (Chamnesr-t993a, 1993b, 1993c; Thornton 1994).

Comparison of the water chemistry of upgradient well 299-E18-1 with
downgradient wells 299-E18-2, 299-E18-3, and 299-E18-4 indicates that a
-significant volume of water has entered the unconfined aquifer from the
2101-M Pond. Thus, a decrease of specific conductance (Figure 4.11-2),
witrate ant calcitrin downgradient wells-versurs-the- upgradient well is
interpreted to be a dilutional effect of water draining from the pond into the
aquifer. Conversely,- bariunr-concentrations of about 55 ppb in downgradient
wells versus 30 ppb in the upgradient well suggest that a minor amount of
barium has been introduced into the aquifer (Figure 4.11-3). Chromium and
selenium concentration values are similar in all wells.

t4aH..2 Statistical -Evaluation. Statisti-cal evaluations of the data for
1993 at the 2101-M Pond consisted of the required comparisons between
upgradient and downgradient wells to assess the facilities' impact on
groundwater quality The-statistical methodusedtn establish the background
levels is presented in Appendix C. The critical means table (Table 4.11-3)
lists the background average, background standard deviation, critical mean (or
critical rangein the case-of pH),__and upgradient/downgradient comparison
values for the four contamination indicator parameters. Note that the
critical range for pH is outside the possible range (0-14). Thus,
upgradient/downgradi-ent comparison valihes for pH have been calculated using
data from August 1988 to June 1992 for well 299-E18-1. The critical mean for
TOX is presented in Table 4.11-3 for the purpose of completeness only. No
comparisn of TOX to the critical-mean was made-this year because of TOX
analytical problems (see Section 4.11.4.1 and.Appendix A). For chemistry data
collected this year, none of the concentrations in the downgradient wells
exceed the upgradient/downgradient comparison value.

4.11 . Crmundwntor Flow

4.11.5.1 Groundwater Flow Direction. Water level measurements are taken
monthly and before sampling the groundwater. These data are used to evaluate
the groundwater gradient (Figure 4.11-4) and flow direction. The groundwater
gradient across the-Z1011-M Pond monitoring network is difficult to determine
precisely because it is very small (approximately 5 x 104). The hydrograph
for the four-well monitoring network (Figure 4.11-5) reflects not only the
difficilty of- acqtri-ng accurate-measurements but also the very slight
difference in water level elevations between the four wells. The water table
is declining throughout the 200 East Area because of decreased wastewater
discharges to the ground-n the 200 Areas. This has not affected the flow
direction at the 21014- Pond, however. The local water table map (see
Figure 4.11-4) indicates that the general groundwater flow direction is still
to the northeast or east. There are no data at present regarding vertical
gradients and flow.

4.11-5



DOE/RL-93-88, REV. 0

Figure 4.11-2. Specific Conductance Versus Time in Upgradient Well 299-E18-1
and Downgradient Wells 299-E18-2, 299-EI8-3, and 299-E18-4.
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Figure 4.11-.3. Un-f-titer-ed Bariulm Versus Time in Upgradient Well 299-E18-1
and Downgradient Wells 299-EIS-2, 299-E18-3, and 299-E18-4.
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Table 4.11-3. Critical Means Table for 16 Comparisons--Background
Contamination Indicator Parameter Data for the 2101-M Pond.a,

Constituent
(unit)

n df t c -Average
background

Standard
deviation Critical mean

Upgradient/
downgradient
comparison

value

Specific 4 3 11.984 621.94 128.621 2,345.2 Z,345.2
conductance
(gmho/cm)

Field pH -3 15.145 - 7.804..] [6.18, 9.79]e
4 11.984 387.56 156.214 - -, . 2,480.5

organic
carbonc
(ppb)

Total
organic
halogend

4 3 11.984 3.587 0.99 16.8 NCe

Data- collected from August 1988 to June 1992 for upgradient
well 2-E18-1. Values calculated based on 16 comparisons.

bThe following notations are used in this table:
df - degrees of freedom (n-1)

n - number of background replicate averages
tc - Bonferroni critical t-value for appropriate df and

0Critical mean was calculated from values reported below the
contractually required quantitation limits.

dCritical mean were calculated using data analyzed by U.S. Testing Inc.,
Richland, Washington.

eUpradient/downtradient comparis-onvaiue for DH were calculated using
data from August 1988 to June 1992 (well 2-E18-1) because the critical range
calculated using four quarters of data is outside the possible range for pH
[0, 14].

NC = not calculated.

Water levels were measured at east nnce a month. These measurements
show the following:

* The continued decline in water levels of approximately 0.23 m
(0.75 ft) in the past year

* Gradient is still very small in the vicinity of the 2101-M Pond

* Small but consistent differences in water levels exist between the
-upgradient and downaradient wells.
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Figure 4.11-4. 200 East Area and 2101-M Pond Water Table Map, June 1993.
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Figure 4.11-5. Hydrograph of Monthly Water Level Measurements
-- (Feet Above Mean Sea Level) at the 2101-M Pond.

NOTE: Several anomalous data points have been removed.
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4.11.5.2 Rate of Flow. An estimate of horizontal flow rates can be obtained
by using Darcy's law (Freeze and Cherry 1979)

- - - K a(1)
n dl

V - Flow rate or average linear velocity
K - Hydraulic conductivity
n - Effective porosity

_R- Hydraulic gradient.

The monitoring wells at 2101-M Pond are completed in the Ringold Formation in
-a silty gravel-dominated fluvial sequence. A value of 45 m/d (150 ft/d) for
hydraulic conductivity is appropriate to this unit as indicated by pumping
test data- (WHC-1992). If-the hydraulic gradient is assumed to be 5 x 10- and
effective porosity assumed to be 0.15, a rate of flow of 0.15 m/d (0.5 ft/d)
is obtained. This should be regarded as an approximation only, however,
because the hydraulic gradient is difficult to estimate at this location, At
present the hydraulic gradient is very low because the water table is nearly
flat.

4.11.5.3 Evaluation of Monitoring Well Network. Monitoring well locations
continue to satisfy regulatory requirements based on the regional and local
trend of groundwater flow near the 2101-M Pond. Small but consistent
differences in water levels between the upgradient and downgradient wells
indicate a northeasterly flow. Any groundwater contamination from the
facility likely would be detected in the downgradient wells.
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4.12- 200 AREAS LOW-LEVEL BURIAL GROUNDS

R. B. Mercer
Westinghouse Hanford Company

The 200 Areas Low-Level Burial Grounds (LLBG) consist of five Low-Level
Waste Management Areas (LLWMA) (see Figure 1-1, Chapter 1.0). A Part B permit
application has been submitted to the Washington State Department of Ecology
(Ecology) for these facilities (DOE-RL 1989). The Resource Conservation and
Recovery Act of 1976 (RCRA) groundwater monitoring program for the LLBG began
in 1988 (WHC 1989b) and is continuing under interim status.

A diverse range of both radioactive mixed and dangerous waste has been
placed in the LLBG from sources including the Hanford Site and other offsite
facilities. The waste includes,-but i-s not limited to,- m-iscellaneous d
waste, failed equipment, vehicles, contaminated soil, submarine reactor cores
and -react-or-compartments,- -and cleanup waste. An inventory of the waste can be
found in the Low-Level Burial Grounds Database (WHC 1989a). Waste has been
placed in the LLBG since 1960 and is contained in unlined trenches and pits,
which range from 3.7 to 18.3 m (12 to 60 ft) deep. The LLWMAs also contain
some concrete caissons and retrievable storage units (RSU) that receive
drummed waste. The RSUs consist of plywood- or asphalt-bottomed trenches or
asphalt pads. Both trenches and pads are covered with plywood and, in some
cases, an additional layer of heavy plastic and 1.2 m (4 ft) of soil. Each
LLWMA will be discussed separately within this section.

The available chemical and water level data collected at the LLBG in this
reporting period are published _in _the 19!3 quarterly reports (Mercer 1993c,
193d, 1993e--994.-- Construction details for the 1992 drilling activities
were issued-this-year-(Mercer -1993a, 1993b). The general geology and
hydrology of the 200 Areas are discussed in Section 4.1.

4.12.1 Low-Level Waste Management Area 1

4.12.1.1 LLWMA-1 Facility Overview. This LLWMA is located in the northwest
corner-of thet20a-Last Area (see Figure 1-I, Chapter 1.0). The-facility is
currently operating under an interim-status groundwater quality assessment
plan (Chamness- et al. 199Oa). -It includes all-of the 218=E-10 Burial Ground
(Figure 4.12-1). The southern portion of the burial ground is currently
active, while the portion north of the road is for future expansion. The
active area measures 22.9 ha (56.7 acres) and the area for future expansion
measures 15.3 ha (37.7 acres), for a total area of 38.2 ha (94.4 acres).

Disposal activities at this LLWMA began in 1960 and continue to the
-present. daterials placed n-this facility-are-primarily dragoff waste,
failed equipment, and mixed industrial waste from the Plutonium-Uranium
Extraction (PUREX) Plant, B Plant, and N Reactor. LLWMA-1 is located within
tha 20 -BP40 source- operable unit and-the 20f0-BP-5 groundwater operable unit.

4.12-1
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Figure 4.12-1. Low-Leve! Waste Management Area 1.
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-.42.1.2 LLWNA-1 Suinary of 19092 RCM Activities. This LLWMA continues to
operate under the interim-status groundwater quality assessment plan
(Chamness et al. 1990a) that was prepared and submitted to Ecology in
January 1990. The primary focus of the assessment plan is to determine the
constituent causing- the hi-gh -specific conductance and whether the source of
the high specific conductance was LLWMA-1 or an upgradient facility.
Groundwater samples were collected quarterly in 1993. Water levels were
measured monthly.

4.12.1.3 LLWMA-1 Sampling and Analysis Program. The existing RCRA
groundwater monitoring network consists of 16 wells (see Figure 4.1 -1)
Table 4.12-1 lists the wells in the LLWMA-1 monitoring network. The sampling
and analysis program at LLWMA-1 was initiated in 1988. After four quarters of
data had beer, collected, statistics were calculated to determine the critical
means of the indicator parameters. Samples collected in the last quarter of
1989 indicated that specific conductance in well 299-E28-26 exceeded the
established critical mean for LLWMA-1 (492.78 Mmho/cm). An interim-status
groundwater quality assessment monitoring program was initiated in
January 1990 (Chamness et al. 1990a). Under this program sampling is on a
quarterly basis until a groundwater quality assessment report is completed.
A list of analytical constituents for LLWMA-1 is presented in Table 4.12-2.

4.12.1.4 LLWMA-1 Groundwater Chemistry.

4.12.1.4.1 Concentration Histories of Waste Indicators. Groundwater
chemistry data for LLWMA-1 have been collected since 1988. Specific
conductance data show a slight increase in the downgradient monitoring wells
ata general decrease in the upgradient wells. The available data indicate
that the values for specific conductance for well 299-E28-26 have fallen below
the critical mean; however, the critical mean continued to be exceeded in
wells 299-E32-5 and 299-E32-3 in 1993. The values for well 299-E32-2, while
still well below the critical mean, have increased approximately 10% in the
last year. However this upward trend appears to be flattening.

The interpretation of the data indicates that the elevated specific
conductance is most likely the result of a nitrate plume beneath LLWMA-1 with
an origin to the south, possibly from the 216-B-62 Crib (see Figure 4.12-1).
The maximum values for specif-ic- conductance- may--have not- yet reached +tha
downgradient monitoring wells.

4.12.1.4.2 Distribution of Waste Constituents. Although there does not
appear to be any contribution from LLWMA-1, contaminant plumes are affecting
the groundwater quality beneath LLWMA-1 (see Section 4.1; Johnson 1993;
WHC 1992a). Nitrate and tritium plumes are evident and appear to be the major
contaminants in the area of LLWMA-1. Nitrate exceeded the drinking water
standard (DWS) of 45,000 ppb in wells 299-E32-3, 299-E32-5, and 299-E33-34 at
the beginning of this reporting period. The values fell below the standard by
the second quarter of 1-993 and are continuing the downward trend.

Tritium values indicate the presence of a-plume beneath LLWMA-1 with a
source to the southeast. The data suggest that the maximum concentrations
have already passed beneath LLWMA-1 and that values will continue to decline
WL LiIIIe.

4.12-3
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Table 4.12-1. Low-Level Waste Management Area 1 Monitoring Network.

Well Aquifer Sampling Water Well Other
frequency levels standards networks

299-E28-26& - Top of unconfined Q M RCRA --

299-E28-z71 Top of unconfined Q M RCRA --

299 28r j !up we U*ncnIfied M RCRA --

299-E32-2 87  Top of unconfined Q M RCRA 200-BP-1

299-E32-3 87  Top of unconfined Q M RCRA --

299-E32-4 87  Top of unconfined Q M RCRA B Pond

299-E32-5 89  Top of unconfined Q M RCRA -

299-E32-6" - Top of unconfined Q M - RCRA -

299-E32-7" Top- of unconfined Q RCRA --

299-E32-8 9 ' Top of unconfined Q M RCRA --

299-E32-9 9 1  Top of unconfined Q M RCRA --

299-E32-1092  Top of unconfined Q M RCRA -

299-E33-288[ Top of unconfined Q M RCRA 200-BP-1

299-E33-298 Top of unconfined Q M RCRA 200-BP-1

299-E33-3017 Top of unconfined -- Q M- - RCRA 200-BP-1

299-E33-3490  Top of unconfined Q M RCRA 200-BP-1

),no-r3a35 Top of unconfined RCRA 200-BP-1

Notes: Strading-de-notes upgradtent wells. Superscript following well
number denotes the year of installation.

M - frequency on a monthly basis.
Q - frequency on a quarterly basis.

RCRA - well is in compliance with RCRA standards.

Values for gross alpha from wells 299-E28-28 and 299-E32-5 have exceeded
the DWS. Upgradient well 299-E28-26 is also somewhat elevated but a definite
trend cannot be established. The downgradient wells generally have upward
trends at this LLWMA. The results, while above the established standard, have
not exceeded the historical maximum for upgradient well 299-E28-26. All
values are expected to decline as the plume passes under the burial ground.

Wells 299-E33-34 and 299-E33-35 continue to have elevated levels for
grAss _bpta containiati amand- the _trends appear to be s I ightly -upward.

4.12-4
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Table 4.12-2. Constituents Analyzed at the Low-Level Burial Ground.

Contamination indicator parameters

p- Total organic carbon

Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

12,4-D Endrin Methoxychlor
2I,4,5-TP Silvex Fluoride Nitrate
Arsenic Gross alpha Radium
RArium Gross beta Selenium
Cadmium Lead Silver
Chromium Lindane Toxaphenev-lifr batrMercury

Site-specific parameters for the Low-Level Burial Grounds

1,1,2,2-tetrachloroethane Carbon tetrachloride Tetrachloroethylene
,k2 dilroethane Chlnrobenzene Toluene

11,2 dichloropropane cis-1,1 dichloroethylene trans-1,1 dichloroethylene
Ace+nnitrilo Copper-- Trichloroethylene
Benzene Cyanide Uranium
DtryI 1u1 Ethylbenzene Vinyl chloride
Bromoform Naphthalene Xylene

4.12..5-LWMA-1 Groundwater Flow.

AA2- 4roundwater flow- Oiaetion-x -The groundwater flow direction
in the -area--of L-WMA i-diffi-cult to determine -using only water level data
from the monitoring wells-around the burial ground. The groundwater gradient
in this area is extremely low and several uncertainties contribute to the
difficulties in producing a water table map for this area. These
uncertainties include inaccuracies in the borehole surveys, slight deviations
from the vertical in the boreholes, and errors associated with the water level
ireasuremrents themstives-.-- To- demonstrate- the- groundwater-flow-directions under
LLWMA-1, a general map of the entire 200 East Area is presented in

- figure-4124-.- This Mdp represents the best estimate of the water table
elevation beneath LLWMA-1 in June 1993 and was generated using data not only
-from wells in the 200 East Area but-also the surrounding areas.

4.12-5
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Figure 4.12-2. Water Table Contour Map for the 200 East Area, June 1993.
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An interpretation of the groundwater map indicates that the general
groundwater flow direction is to the northwest beneath LLWMA-1, but the low
gradient makes precise determinations difficult. The groundwater flow
direction will continue to be monitored and any change in status will be
documented in the final groundwater quality assessment report.

4.12.1.5.2 Rate of Flow. Using the Darcy equation (equation 1) and some
-- conservative values-for hydrologic-properties -an -estimate -of-the -groundwater

flow velocity was determined. The hydraulic conductivity of the aquifer
beneath LLWMA-1 has been estimated to be between 73 and 762 m/d (240 and
.50ft/d)4Lastetia .,42ae 6.B) and _the _effective porasity is assumed

to be on the order of 0.1. Using Figure 4.12-2, an approximation of the
hydraulic gradient can be determined to be 0.000125. Calculations using these
values result in groundwater velocities between 0.09 and 0.95 m/d (0.3 and
3.1 ft/d). These values are highly subjective; however, they represent the
best estimate of the actual conditions beneath LLWMA-1. These velocities are
approximately one-third less than the 1992 estimates. This can be attributed
to the lower-hydraulic gradient because of the lowering of the B Pond
groundwater mound and the overall decline in discharges to the ground.

n = (1)

where:

v - Average linear groundwater velocity (m/d)
K - Hydraulic conductivity (m/d)
I Hydraulic gradient
n = Effective porosity.

4.12.1.5.3 Evaluation of Monitoring Network. The groundwater monitoring
--network-continues-to meet requirements --There-are-no plans for additional

groundwater monitoring wells at this time.

4.12.2 Low-Level Waste Management Area 2

4.12.2.1 LLWMA-2 Facility Overview. Currently in indicator evaluation
monitoring- status, LLWMA-2 i-s located in the-northeast corner of the 200 East
Area and includes all of burial ground 218-E-12B (Figures 1-1 and 4.12-3).

-~-Ti s-~bri a--~rou--hs:~atotlt-a-rs~_"IRS) L an, ias been in
use since 1968. The majority of the waste deposited in this area is located
in the eastern half of the burial ground. This waste consists primarily of
miscellaneous dry waste and submarine reactor compartments. Parts of two
trenches co nt ain transuranic waste. LLWMA-2 is located in the 200-BP-11
source operable unit and the 200-BP-5 groundwater operable unit.

4.12.2.2 LLWMA-2 Summary of 1993 Activities. The indicator evaluation
-- oitoring program for LLWMA-2 continued in 1993. Groundwater samples were
collected semiannually in 1993. Water level measurements were made quarterly.
Quarterly sampling (for four quarters) was conducted at wells 299-E34-11 and
299-E34-12 to establish baseline values.

4.12-7
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4.12.2.3- LLWMA-2 Sampling -and-Analysis- Program. -The current monitoring
network consists of 16 wells. Monitoring wells for LLWMA-2 are listed in
Table 4.12-3 and are shown in Figure 4.12-3. The sampling and analysis
program for LLWMA-2 was initiated in 1988 (WHC 1989b), with quarterly sampling
until the last quarter of 1989. At that time the required statistics were
calcutated.- No-analyses -from downgradient wells exceeded the critical means.
Sampling was placed on a semiannual schedule. The constituent list for
LLWMA-2 is the same as Table 4.12-2 with the addition of polychlorinated
hiphenyls.

4.12.2.4 LtWMA-2 Groundwater Chemistry Evaluation.

4.12.2.4.1 Constituents of Concern. The analysis of indicator
parameters was hampered in 1993 by inconsistent results for total organic
halogen (TOX). A discussion of this problem can be found in Appendix A.
The analysis of the remaining three parameters indicated that the established
critical means were not exceeded in any wells in 1993.

Chemical analyses indicated that unfiltered iron and chromium were above
regulatory standards in 1993 in several wells. -This is an ongoing problem in
many RCRA wells on the Hanford Site and is thought to be a result of the
drilling and well installation process. There is no evidence of contamination
from LLWMA-2.

Turbidity in samples from several wells exceeded the 1 nephelometric
turbidity unit_ (TU)_limit There is no consistent pattern to these high
values,

4.12.2.4.2 Statistical Evaluation. Statistical evaluations of data for
the past year at the LLWMA-2 consisted of comparisons between upgradient and
downgradient wells for any indication of contamination in the groundwater
_underlyingbthe-facility-_-Background data replicate averages, and background
summary statistics are presented in Appendix D of the 1992 RCRA Annual Report
(DOE-RL 1993). Statistical analyses required by 40 Code of Federal
Regulations (CFR) 265.93(b) and Washington Administrative Code
(WAC) 173-303-400 were performed on the samples collected from September 1988
to July 1989 for upgradient wells. Results are presented in Table 4.12-4.
This table lists the background average, background standard deviation, and
critical mean (or critical range, in the case of pH) for the four
contamination indicator parameters from the upgradient wells. The
upgradient/downgradient comparison value (or range) is the value to which
current and future averages of quadruplicate measurements are compared.

If the average concentration for a parameter from a downgradient well
exceeds-the-pgradit/downgradihnt comparison- vaue Iistedzin Table 4.12-4,
that parameter is considered stati-stically different from- background. If this
is confirmed by subsequent verification sampling and analysis, the regulatory
program is triggered into assessment. TOX was not evaluated because of
problems associated with data quality. There were no exceedances in 1993.

4.12-9
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Table 4.12-3. Low-Level Waste Management Area 2 Monitoring Network.

WellpJ Aquifer --- W e l I -0ther
Well Aquifer _ frequency levels standards networks

299-E27-88 Top-of uncnfid - SA feeAyB43 Trek

299-E27-_e7 Top of unconfined SA RCRA B-63 Trench

290-E27-10 0" Top of unconfined SA Q RCRA --

299-E27-11"9 Top of unconfined SA Q RCRA B-63 Trench

299-E27-171 Top of unconfined SA Q RCRA B-63 Trench

299-E34-287 Top of unconfined SA Q RCRA 200-BP-1

299-E34-3 87  Top of unconfined SA Q RCRA --

299-E34-487  Top of unconfined Dry RCRA --

299-E34-5 7  Top of unconfined SA Q RCRA 200-BP-1

295-E34-6 87  Top of unconfined -- Dry RCRA -

299-E34-7 9  Top of unconfined SA Q RCRA --

299-E34-99 Top of unconfined SA Q RCRA --

299-E34-10 91 Top of unconfined SA Q RCRA B-63 Trench

299-34-1192 Top of unconfined Q RCRA --

299-E34-1292 Top of unconfined DQ RCRA --

29-351a jTop of unconfined - Dry RCRA --

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

= frequency on a quarterly basis.
RCRA = well is in compliance with RCRA standards.

SA - frequ-ercy-on-ra semiannual basis.

4.12.2.5 LLWMA-2 Groundwater Flow.

4.12.2.5.1 Groundwater Flow Direction. Water level data from LLWMA-2
monitortng _well& do _not present&clear picture of groundwater flow. To
obtain a better overall idea of the groundwater flow regime a water table map
of the 200 East Area and-surroundings for June 1993 was generated (see
Figure 4.12-2). The groundwater flow direction in this area is primarily from
east to west. Groundwater flow is affected by the basalt high located north
and east of LLWMA-2 and the presence of a groundwater mound associated with
B Pond.

4.12-10



DOE/RL-93-88, REV. 0

Table 4.12-4. Critical Means Table for 52 Comparisons--Background
Contamination Indicator Parameter Data for the

Low-Leyel Waste Management Area 2.',b

Upgradient/
jConstituent jdf t Average Standard downgradient

(unit) n -f AvrgtSadr Critical mean cmaio(uit e background deviation comparison
I _value

Specific 12 11 5.0293 385.875 116.987 998.3 998.3
conductance
(gmho/cm)

Ftdd pn- 12 i 479O 8.7 - 0.2 '(7.08, 9.07] [7.08, 9.07]

-Total - 12 111 5.0293 445.833 94.648 941.3 941.3
organic
carbon'
(ppb)

ITotal 12 111 15.0293 4.833 2.861 9.8 NCe
organic

ha *gnd

(ppb)

*Data collected from September 1988 to July 1989 for upgradient
wells 2-E27-10 and 2-E34-5. Critical means calculated based on
52 comparisons.

'The following notations are used in this table:
df - degrees of freedom (n-1)
n = number of background replicate averages

tc = Bonferroni critical t-value for appropriate df and
F2 rnmnarien.

0Critical mean was calculated from values reported below the
contractually required quantitation limits.

- Critical mean were-calculated using data analyzed by U.S. Testing,
Inc., Richland, Washington.

"Upgradient/downgradient comparison value for total organic halogen
cannot -be-establi shed because problems -associated-with -data -quality preclude
the determination of total organic halogen limit of quantitation.

NC - not calculated.

4.12.2.5.2 Rate of Flow. The groundwater gradient beneath LLWMA-2 is
very slight, i-.e-,-on-the order of 0.00025. Using this gradient, an effective
porosity of 0.1, and hydraulic conductivity values in the range of 426.7 to
2,042.2 m/d (1,400 to 6,700 ft/d) (Last et al. 1989) and applying Equation 1,
groundwater velocities were estimated to be between 1.1 and 5.1 m/d (3.5 and
16.8 ft/d).

4.12.2.5.3 Evaluation of Monitoring Well Network. The monitoring
network continues to satisfy the requirement for at least one upgradient and
three downgradient wells and is adequate to monitor the burial ground. No
additional monitoring ells -are planned-for-the-LLWMA-2 -monitori-ng -network.

4.12-11
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The declining water level in this area is forcing a reevaluation of the
groundwater monitoring network. Monitoring wells 299-E34-4 and 299-E35-1
remain dry. The- water level in well--299-E34-6 has declined to the point where
sample collection is no longer possible. There has been some difficulty with
sampling well 299-E34-7 attributed to the declining water level. Sediment
appears to have accumulated in well 299-E34-7, thereby blocking the pump
intake. Well maintenance has been scheduled for this well. When this
situation is resolved, well 299-E34-7 may be redesignated as an upgradient
well - Well -299E34-3 will aln So b ev.aluated for this purpose.

4.12.3 Low-Level Waste Management Area 3

4.12-31 LtWIMA-3-facility Overview. Currently1 -LLWMA-3 is in ascstcment
status as a result of elevated TOX values at well 299-W7-4. Burial
grounds 218-W-3A, 218-W-3AE-, and 218-W-5 comprise LLWMA-3, which is located in
the north-centrai portion of the 200 West Nrea (Figures 1-1 and 4.12-4).
These facilities cover an area of 74.3 ha (183.7 acres). Burial
ground&Zi8-W-3A began accepting waste-in 1970 and has received primarily
ion-exchange resins,-and-failed equipment (e g., tanks, pumps, ovens,
-agitators-,-- ieaters,-oods-,- -jumpers-,- vehicles-- -and accessories). This burial
ground also contains remote-handled transuranic waste in RSUs. Burial
ground 218-W-3AE was put in operation in 1981 and contains low-level and mixed
waste. This includes rags, paper, rubber gloves, broken tools, and industrial
waste. Burial ground 218-W-5 first received waste in 1986. This burial
ground-c-ontains low-l-evel- and low-level- -mixed waste, including lead bricks and
shielding. LLWMA-3 is in the 200-ZP-3 source operable unit and the 200-ZP-1
groundwater operable unit.

4.12.3.2 LLWMA-3 Summary of 1993 Activities. In 1993, LLWMA-3 continued to
operate under the interim-status groundwater quality assessment plan
(Chamness et al. 1990b) submitted to Ecology in February 1990. Groundwater
samples were collected quarterly in 1993. Water level measurements were taken
monthly.

Two additional monitoring wells were installed in 1993. Drilling was
performed to comply with the Hanford Federal Facility Agreement and Consent
Vrder; Mtlesftne-P--24--(Ecology-et-af.i992). Construction details for the
new wells will be presented in a borehole completion report. The new wells
are upgradient monitoring wells and are- to be completed using 10-cm (4-in.)
stainless steel casing and screens. Both wells will have dedicated
HydroStar-pumps installed for sampling. Sampling began at well 299-W1O-21
in the last quarter of 1993. Sampling at well 299-W10-20 will commence as
soon as possible after completion.

4.12.3.3 LLWMA-3 Sampling and Analysis Program. Twenty groundwater wells
monitor LLWMA-3; six upgradient and fourteen downgradient wells. One
upgradtent -and one downgradient-el--mon-itor the bottom ofthe- uppermost
aquifer. A complete list of groundwater monitoring wells for LLWMA-3 is
presented-in-Table 4.12-5; the wells are shown in Figure 4.12-4. Quarterly

- 'Hydrostar is a trademark of Instrumentation Northwest Incorporated.
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Table 4.12-5. Low-Level Waste Management Area 3 Monitoring Network.
I- - - -

- Well - A I Sampling Water Well Other
frequency levels standards networks

299-W6-2" Top of unconfined Q M RCRA LLWMA-5

299-W7-1 87 Top of unconfined Q M RCRA --

299-W7-2 87  Top of unconfined Q M RCRA -

299-W7-38' Deep unconfined Q M RCRA --

299-W7-4 Top of unconfined - M RCRA

299-W7-5 87  Top of unconfined Q M RCRA --

299-W7-6 Top of unconfined Q M RCRA --

299-W7-7 Top of unconfined Q M RCRA

299-W7- 8  Top of unconfined Q M RCRA --

299-W7-9 9  Top of unconfined n RCRA --

299-W7-109 Top of unconfined Q M RCRA LLWMA-5

299-W7- 8 9 ' Top of-unconfined RCRA --

299-W7-129 Top of unconfined M RCRA --

299-W8-18 Top of unconfined 0 M RCRA -

299-9-187 Top of unconfined QM RCRA --

299-WIO-1387 Top of unconfined Q M RCRA --

299-W^ -14 7  Deep unconfined Q M RCRA --

299-WS0-1,9 Top of unconfined Q M RCRA --

299-410-20'

299-WIO-21 93

Top of unconfined

Top of unconfined

Q

Q

M

M

RCRA

RCRA

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

M = frequency on a monthly basis.
Q = frequency on a quarterly basis.

RCRA = WtI IS in compliance with RCRA standards.

4.12-14
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gou ndwater sampling at tLWMA-3 began-in-1988. -Statistical analysis was
conducted after four quarters of data had been collected to determine critical
means for the indicator parameters at LLWMA-3. A constituent list is
-presented in Table 4.12-2. Samples collected in the last quarter of 1989
indicated that TOX values in downgradient well 299-W7-4 exceeded the critical
mean-95.5 ppfr) calculated for _LLWMtA-3tThe intprim-status groundwater
quality assessment plan (Chamness et al. 1990b) prepared in response to the
elevated TOX values, called for continued quarterly sampling at least through
the end of 1990, with the results to be presented in the annual report. The
quarterly sampling will continue until a final groundwater quality assessment
report is issued.

4.12.3.4 LLWMA-3 Groundwater Chemistry.

4.12.3.4.1 Concentration Histories of Waste Indicators. The values for
TOX continue to exceed the established critical mean for LLWMA-3 at
well 299-W7-4. TOX in well 299-W6-2 has increased over the past year and also
exceeds the critical mean of 95.5-ppb. Values for TOX from the new upgradient
well 299-W10-19 are well above the values from wells 299-W6-2 and 299-W7-4.
-Other--contamjnation indicator parameters are below DWSs, with the exception of
pH at well 299-W7-6. The pH values at this well are above the DWS of 8.5 by a
few tenths; however, there- may be-a-slight downward trend.

4.12.3.4.2 Distribution of Waste Constituents. Carbon tetrachloride and
nitrate have been consistently above DWSs at LLWMA-3. Both of these
constituents are trending upward i-n -the-LLWMA-3 monitoring wells, especially
in upgradient wells and the wells near burial ground 216-W-3AE. These
elevated values can be attributed to contaminant plumes originating to the
south of LLWMA-3. These plumes have been documented in Section 4.1;
Johnson (1993); WHC (1992b). There does not appear to be any groundwater
contamination directly attributable to LLWMA-3.

Well 299-W7-6 also has shown a slight increase in gross alpha in 1993.
After a peak in 1990 the values for gross alpha had dropped below the 15-pCi/L
standard.

---Turbidity -has-been a problem-in -many-of -the 'LLWA-3 munitoring wells.
This is thought to be one of the major contributors to the elevated unfiltered
metals 'i .e-.- chromium,- i---r-, d ---d IIUb

4.12.3.5 LLWMA-3 Groundwater Flow.

4.12.3.5.1 Groundwater Flow Direction. A water table map of the entire
200 West Area (Figure 4.12-5) has been constructed in an attempt to present an
overall concept of the groundwater flow pattern beneath LLWMA-3. This map
used water level data from June 1993. Figure 4.12-5 generally confirms the
flow directions presented previously in the groundwater monitoring plan
(Last et al. 1989, page 6.20). The flow direction generally is northward with
a slight eastward component, which increases to the east. The eastward
component is increasing as expected, resulting from the decreased liquid
disposal in this area.
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Figure 4.12-5. Water Table Contour Map for the 200 West Area, June 1993.
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Water level data from the two groundwater wells that monitor the base of
the unconfined aquifer indicate that the vertical groundwater flow in this
area is downward. The water 1evels in shallow-well-299-W72-- are consistently
greater than those in nearby deep well 299-W7-3 by approximately 0.3 m (1 ft).
Water levels in adjacent deep shallow well 299-WIO-13 are generally 0.08 m
(0.25 ft) greater than in well 299-W10-14.

4.12.33.,2 Rate of Groundwater Flow. The rate of groundwater flow
beneath LLWMA-3 can be estimated using the Darcy equation (equation 1).
Values-of hydraulic conductivity (0.02 to 9.8 m/d [0.06 to 32 ft/d]) from
Last et al. (1989, page 6.18), a conservative effective porosity of 0.1, and a
hydraulic gradient of 0.0015, result in a groundwater velocity from 0.0003 to
0.15 m/d (0.0009 to 0.48 ft/d). An average hydraulic conductivity value of
1.5 m/d (5- ft/d) gives -a-groundwater velocity of 0.023 m/d (0.08 ft/d).

4.12.3.5.3 Evaluation of Monitoring Well Network. With the addition of
the two 1993 upgradient wells, the monitoring well network for LLWMA-3 is
complete. When sufficient data have been collected from the new upgradient
wells the critical means for the indicator parameters will be reestablished.

4.12.4 Low-Level Waste Management Area 4

4.12.4.1 LLWMA-4 Facility Overview. Waste Management Area 4 covers 24.4 ha
(60.3 acres) in the south-central portion of the 200 West Area (see
Figure 1-1, Chapter 1.0) and is currently in indicator evaluation monitoring
status. Burial grounds 218-W-4B and 218-W-4C make up LLWMA-4 (Figure 4.12-6).
Burial ground 218-W-4B first received waste in 1968 and contains mixed and
retrievable-transuranic-waste in trenches and 12 caissons. One caisson is
believed to contain mixed waste. Waste was first deposited in burial
ground 218-W-4C in 1978. Transuranic, mixed, and low-level waste has been
placed in burial ground 218-W-4C. The waste includes contaminated soil,
decommissioned equipment, and remote-handled transuranic waste. Several
trenches in LLWMA-4 have been designed as RSUs. LLWMA-4 is within the
200-ZP-3 source operable unit and the 200-ZP-1 and 200-UP-1 groundwater
operable units.

The monitoring network at LLWMA-4 has a total of 17 wells; 6 upgradient
and 11 downgradient. TabTe 4.12-6 presents a list of all RCRA monitoring
wells for-LLWMA-4, and Figure 4.12-6 shows the well locations.

A.12.4,2 LLWMA-4 Summary of 993 Actiyities. 1ndiratnr eval uation monitoring
continued at LLWMA-4 in 1993. Groundwater chemistry samples were collected
semiannually in 1993. Quarterly water level measurements were collected at
all wells. Monitoring wells 299-W18-27, 299-W18-28, 299-W18-29, and
299-W18-32 were still being sampled quarterly to establish baseline
conditions.

4.12.4.3 LLWMA-4 Sampling and Analysis Program. Groundwater sampling at
LLWMA-4 began in 1988 (WHC 1989b) and continued on a quarterly basis until the
last quarter of 1989. The required statistics were calculated and
downgradient wells did not exceed the critical means established for the
indicator parameters in_1993. Indicator evaluation sampling is on a
semiannual basis for constituents listed in Table 4.12-2.
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Table-4.12-6.- Low-Level Waste Management Area 4 MUnitoring Network.

| Sampling Water Well Other-"r ,.. frequency levels standards networks

299-W15-158" Top of unconfined SA Q RCRA--

299-.5-T6"

295416IT-1:

Top of unconfined

Deep unconfined

SA

SA Q

RCRA

RC RA

299-W15-18B Top of unconfined SA Q RCRA --

299-W15-19 Top of unconfined SA Q RCRA --

299-W15-20 89  Top of unconfined SA Q RCRA --

299-W15-23 90 j Top of unconfined SA Q RCRA --

299-15-24, Top of unconfined SA Q RCRA --

2 99-W18- 2 18r Top of unconfined SA Q RCRA --

299-W18-22"7

299-W18-23 7
Deep unconfined

Top of unconfined

SA

SA

Q

Q

RCRA

RCRA

299-W18-2487  Top of unconfined SA Q RCRA --

299-W18-2689  Top of unconfined SA Q RCRA --

299-W18-2791  Top of unconfined Q Q RCRA --

299-WI8-2891  Top of unconfined Q Q RCRA --

299-W18-29 1 j Perched zone Q Q RCRA --

29-W18-32 92  Too of unconfined I Q RCRA --

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

0 - frequency on a quarterly basis.
DrOA - wall is in compliance with RCRA standards.

SA = frequency on a semiannual basis.

A. 1. A A iiMA-a Cr.nimnnwnrr Ihamierry.

4.12.4.4.1 Constituents of Concern. It does not appear that LLWMA-4 has
coatributed to groundwater cotamination. - The- samples froe the dawngradient
wells have not exceeded the critical means established for the indicator
parameters. Concentrations of CC 4 above DWSs were found in most wells in
1993; the elevated values are thought to be related to the plumes discussed in
Section 4.1; Johnson (1993); WHC (1992b). The most likely source for the CC 4is the 216-Z-18 Crib and other facilities associated with Z Plant located to
the east of LLWMA-4.
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There was a dramatic increase in tritium in wells 299-W15-15, 299-W15-16,
and 299-W15-18 in the third quarter of 1993. The values exceed the DWS.
There is no known tritium plume in the immediate vicinity and these values-may
by erroneous. This condition will be monitored to determine the validity of
these results.

The TOX levels in the groundwater historically have been high beneath
4tWMA---. xhe- high-oivls-are related- to the -CC-plume.--The upgradient wells
are generally higher than the downgradient wells. Specific conductance and pH
are both below the DWSs.

-- Nitrate- also exceeded the DWSs in wells 299-15-15, 299-15-16, 299-15-18,
and 299-15-19 this year. This is most likely related to the nitrate plume
described in Section 4.1; Johnson (1993); WHC (1992b).

Unfiltered metals (i.e., chromium, iron, and manganese) were reported
above DWSs in many wells this year. Concentrations in the filtered samples
are below the standards. These metals are constituents in steel well casing
and screens, and their presence in unfiltered samples is assumed to be due to
nartirloc of well materials.

4--12-.4.4.2--Statlstical Evaluation. Statistical evaluations of data for
the past year-at the LLWMA-4 consisted of re-establishing background because
of an additional upgradient well (299-W18-32) was installed in 1992, and
comparisons between upgradient and downgradient wells for any indication of
contamination in the groundwater underlying the facility. Statistical
analyses required by 40 CFR 265.93(b) and WAC 173-303-400 were performed on
the samples collected from 1988 to July 1989 for shallow upgradient
wells 2-W15-16, 2-W15-18, and 2-W1B-24, and 1993 samples from 200-W18-32.
Data tables are presented in Appendix C. Results are presented in
Table 4.12-7. This table lists the background average, background standard
deviation, and critical mean (or critical range, in the case of pH) for the
four contamination indicator parameters from the upgradient wells. The
upgradient/downgradient comparison value (or range) is the value to which
current and future averages of quadruplicate measurements arb _compared.

If the average for a parameter from a downgradient-well-exceeds- the
upgradient/downgradient comparison value listed in Table 4.12-6, that
parameter is considered statistically different from background. If this is
confirmed by subsequent verification sampling and analysis, the regulatory
program is triggered into assessment. TOX was not evaluated because of
problems-associated with data quality. There were no exceedances in 1993.

4.12.4.5 LLWMA-4 Groundwater Flow.

4.12.4.5.1 Groundwater Flow Direction. The water table map for
tie 200 West Area, presented in Figure 4.12-5, indicates that the
original interpretation of groundwater flow direction beneath LLWMA-4
(Last et al.-1989, page-6.20)- is still-valid. The flow direction is primarily
to the woct, trending to-northwest in the northern portions of LLWMA-4, and
possibly slightly to the southwest in the extreme southern portions of LLWMA-4
(see Figure 4.12-5).
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Table_4.12-7. Critical Means Table for 56 Comparisons--Background
Contamination Indicator Parameter Data for the

-Low--LevelW-aste-anagement Area 4 .a,b

Upgradient/
Xonstitueht nidf Average Standard ICn44,' mean downgradient

(unit) " background deviation ' comparison
value

Specific 16 15 4.586 328.594 133.345 958.9 958.9
conductance
(pmho/ cm) ___ ____________

1Field pH 16 15 4.938 7.779 0.261 [6.45, 9.11] [6.45, 9.11]

Total 15 14 4.676 470.0 142.428 1,157.8 1,157.8
organic
carbon
(ppb)

Total 11 10 5.2814 2,029.796 2,002.864 13,078 NC
organic
nalogen-
(ppb) I I I I j

'Data collected from October 1988 to July 1989 for upgradient
wells 2-W15-16, 2-W15-18, and 2-W18-24 and from October 1992 to August 1993
for the newly installed upgradient well 2-W18-32. Critical means calculated
based on 56 comparisons.

bThe following notations are used in this table:
df = degrees of freedom (n-1)
n = number of background replicate averages

tc = Bonferroni critical t-value for appropriate df and
Cc ----mp - -is -

Criticai-mean were calculated using data analV7d hv U.S. Testing,
Inc., Richland, Washington.

NC = not calculated.

The vertical groundwater flow in this area is downward based on water
-levels from the-wells that monitor-the base -of the uncanfined aquifer
(wells 299-W15-17 and 299-W18-22). The water levels in these wells are
consistetly lower than the nearby wells monitoring the top of the unconfined
aquifer. The differences are approximately 0.08 m (0.25 ft) between
-wells 299-W15-16 and 299-W15-1 and 0.2 -m--(O.8 -ft) between wells 299-W18-21
and 299-Wi8-22.

-- 4-12-4.5.2 Rate of Flow. The groundwater flow velocity calculated for
LLWMA-4 is in the range of 0.003 to 0.35 m/d (0.01 to 1.1 ft/d). These values
were determined using an approximate hydraulic gradient of 0.0006, effective
porosity f 0.1, and-values of hydraulic conductivity from 0.52 to 60.96 m/d
(1.7 to 200 ft/d) (Last et al. 1989, pages 6.18-and-6.19). The lower velocity
value uses a hydraulic conductivity from well 299-W18-22, which monitors the
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bottom of the uppermost aquifer. Using the average hydraulic conductivity for
shallow wells (23.8 m/d [78 ft/d]) gives a groundwater velocity of 0.14 m/d
(0.45 ft/d).

4.12.4.5.3 Evaluation of Monitoring Well Network. The groundwater
imnftorlng -network at-tLWMA-4 cont ies to -satisfy the--requirement for at
least one upgradient and three downgradient wells. No additional monitoring
wells are planned for this network.

4.12.5 Low-Level Waste Ianagement Area 5

4.12.5.1 LLWMA-5 Facility Overview. This waste management area contains
future burial ground 218-W-i andis-located in the north-central portion of
the 200 West Area (Figures 1-1 and 4.12-7). LLWMA-5 has not yet received any
waste. This facility will consist of-35 trenches and-cover approximately
18.0 ha (44.5 acres). At this time the trenches are planned to be used for
mixed waste. LLWMA-5 is within the 200-ZP-3 source operable unit and the
200-ZP-1 groundwater operable unit.

4.12.5.2 LLWMA-5 Summary of 1993 Activities. Statistical analyses were
performed on the groundwater chemistry data to determine baseline conditions.
The-data-used for these calculations were from the first four quarters of
sampling at the groundwater-moditoring wells installed in 1991. These wells
are now on a semiannual sampling schedule. Wells installed in 1992 are being
sampled- quarterly-. Water--level1-measurements--are made quarterly--t LLWMA-5
monitoring wells. Wells 299-W6-2 and 299-W7-10 are also part of the LLWMA-3
monitoring network and are sampled quarterly for the LLWMA-3 assessment
program. Water level measurements are made monthly at these two wells.

4.12.5.3 LLWMA-5 Sampling and Analysis Program. Groundwater sampling for
LLWMA-5 taga in 1992 Table 4.12-8 lists wells in the RCRA monitoring
network for LLWMA-5. Indicator evaluation sampling is on a semiannual basis
fnr rnnstituipnts listed in Table 4.12-2.

4.12.5.4 LLWMA-5 Groundwater Chemistry.

4.12.5.4.1 Constituents of Concern. The required statistics were
calculated and the critical means for the indicator parameters were not
exceeded by ary monitoring wel in the LLWMA-5 network. Carbon tetrachloride
and nitrate exceeded the DWSs in several wells. Both constituents are
associated with-documented plumes in the 200 West Area (Section 4.1;
Johnson 1993; WHC 1992b). Trichloroethylene has been reported above the

Sfpp hJC; ... in c 2 i=1n ,nd 2a0-g11-1.
j DUN 1 III I I 3 4JJ-W-AW QI'tl L33 W "AA 4A

Tritium is also present in concentrations above the DWS at monitoring
wells on the eastern side of LLWMA-5. A downward trend is apparent in the
wells with-the highest -concentrations (299-W6-1O and 299-WI1-31).

As with many RCRA wells on the Hanford Site, unfiltered chromium, iron,
and manganese are often above the DWS. Filtered samples did not have elevated
levels of these metals (see Section 2.2.4).
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Table 412-8 Low-Level Waste Management Area S-Monitoring Network.

WO-11 04 Sampling Water Well Other-i W'l A'f'" frequency levels standards networks

299-W6-2 Top of unconfined Q M RCRA LLWMA-3

299-W6-3 91 Deep unconfined SA Q RCRA --

29946-4 Top of unconfined SA 0 RCRA --

299-W6-5 91 Top of unconfined SA Q RCRA --

299-W6-691 Deep unconfined SA Q RCRA --

299-W6-71  Top-of -unconfi ned- SA-RCRA --

c9 -wu-9 Top of unconfined SA79 Q RCRA --

299-W6- 9
92 Top of unconfined Q Q RCRA

299-W6-109' Top of unconfined Q Q RCRA --

299-W6-119' Top of unconfined Q Q RCRA --

299-W6-12 9' Top of unconfined Q Q RCRA--

299-W Top of unconfined Q M RCRA LLWMA-3

299-W11-3192  Top of unconfined Q M RCRA --

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

M - franiaanry nn 2 mnthly basis.
Q = frequency on a quarterly basis.

RCRA = well is in compliance with RCRA standards.
SA = frequency on a semiannual basis.

4.12.5.4.2 Statistical Evaluation. Statistical evaluations of data foef
the past year at the LLWMA-5 consisted of establishing initial background
levels and comparisons between upgradient and downgradient wells for any
indication of contamination in the groundwater underlying the facility.
Statistical analyses required by 40 CFR 265.93(b) and WAC 173-303-400 were
performed on the samples collected from 1988 to July 1989 for shallow
upgradient wells. Results are presented in Table 4.12-9. This table lists
the background average, background standard deviation, critical mean (or
range, in the case of pH) for the four contamination indicator parameters from
the _upgradient well (or wells) and upgradient/downgradient comparison values.
The upgradient/downgradient comparison value (or range) is the value to which
current and future averages of quadruplicate measurements are compared.
Background tables are presented in Appendix C.

If the average for a parameter from a downgradient well exceeds the
upgraditet/downgradient comparison value listed in Table 4.12-9, that
parameter is considered statistically different from background. If this is
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Table 4.12-9. Critical Means Table for 44 Comparisons--Background
Contamination Indicator Parameter Data for the

ILnwa1 nten IIstn Managnr~nt flrna5I. ~ .. A- - .I 1KIY~ult
I Id, M , + n

Upgradient/
-onst uent d t --Average Standard ii andowngradient
(unit) q - background deviation mean comparison

value

Specific 24 23 4.086 519.562 167.372 1,217.6 1,217.6
conductance
(Mmho/cm)

Field pH 24 23 4.364 7.920 0.225 [6.92, 8.92] [6.92, 8.92)

4.330 480.6 49.67 701.6Total
organic
carbon
(ppb)

Total
organic
halogen'
(ppb)

-- 
8Datatcolltcted from December 1992 to September 1993 for upgradient

wells 2-W6-9, 2-W6-10, and 2-W11-31; from May 1992 to May 1993 for
well 2-W6-2; from September 1992 to June 1993 for well 2-W6-4; and from
August 1992 to May 1993 for well 2-W7-10. Critical means calculated based on
44 comparisons.

bThe following notations-are used in this table:
df = degrees of freedom (n-1)
n = number of background replicate averages

tc = Bonferroni critical t-value for appropriate df and
44 comparisons.

cCritical mean cannot be calculated because of problems associated with
data puality.

upgradient/downgradient comparison value for total organic carbon is
the litit of quantiitatinn based on 1993 field blank data (see Appendix A).

NC = not calculated.

confirmed by subsequent verification sampling and analysis, the regulatory
program is triggered into assessment. TOX was not evaluated due to problems
associated with data quality. There were no exceedances in 1993.

-4.12AS iiUMA-1 frnliindwnter Flow.

4.12.5.5.1 Groundwater Flow Direction. The water table map for the
200 West Area presented in Figure 4.12-5 gives the best representation of the
conditions beneath LLWMA-5. The groundwater flow direction beneath LLWMA-5 is
to the northeast.
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The vertical groundwater gradient in this area is most likely downward.
Water levels in well 299-W6-3, which monitors the base of the unconfined
aquifer, are generally 0.2 i (0.65 ft) less than water levels in
well 299-W6-4. Water level measurements from shallow/deep paired
wells 299-W6-6 and 299-W6-7 are inconclusive because the readings are within
the normal margin of error associated with water level measurements.

412.5.5.2- Rate of-flow.-- An estimated hydraulic conductivity of 12 m/d
(39 ft/d) was determined from the average for shallow wells completed in 1991
and 1992 (Mercer 1993a, 1993b). Using this estimate, the Darcy equation
(equation 1), an effective porosity of 0.1, and an hydraulic gradient of
0.0015, a groundwater flow velocity of 0.18 m/d (0.59 ft/d) was calculated.

4.12.5.5.3 Evaluation of Monitoring Well Network. The groundwater
monitoring network for LLWMA-5 complies with requirements for upgradient and
downgradient wells. No additional groundwater monitoring wells are planned.
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4.13 SINGLE-SHELL TANKS

J. A. Caggiano
Westinghouse Hanford Company

4.13.1 Introduction

Although decommissioned in 1980, the single-shell tanks (SST) are
considered to be actively storing-baz-ardous and radioactive waste and have
been designated as Resource Conservation and Recovery Act of 1976 (RCRA)
facilities. The groundwater beneath the SSTs is being monitored by an
interim-status RCRA groundwater monitoring network that was initiated in 1989.
There are now 35 RCRA-standard groundwater monitoring wells in the SST
monitoring network; no wells were constructed this year. Three other wells,
which monitor the top of the unconfined aquifer and that comply with
construction standards in Washington Administrative Code (WAC) 173-160, are
present-around Waste -Management Area -(WMA) B-BX-BY and are suitable for
collection of groundwater samples for analysis of hazardous and radioactive
constituents. All SST waste-management areas now comply with the RCRA
requirement to have at least one upgradient and at least three downgradient
wells. An additional 35 older carbon steel wells are used as screening wells,
mostly for measurement of water levels. Table 4.13-1 lists the wells in the
SST monitoring networK.

Final disposition of SSTs and their contained waste is discussed in a
closure/corrective action work plan submitted to Washington State Department
of Ecology (Ecology) in 1989 (DOE-RL 1989). A revision of this closure plan
was initiated in 1992 and amended in 1993, but was terminated before either
revision was completed. Chapter 5.0 of DOE-RL (1989), on groundwater and
groundwater monitoring, was revised in 1992. The SSTs are included in the
following six operable units.

I Waste Management Area Operable unit

A-AX 200-PO-3'

C 200-PO-38

B-8X-BY 200-BP-7

S-SX 200-Ra-4a

T 200-TP-3

TX-TY 200-TP-5

U 200-UP-3

aIncludes one or more adjoining double-shell tank farms.
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Table 4.i3-i. Groundwater Moni toring WeIs for the
Single-Shell Tanks. (sheet 1 of 4)

Well Aquifer Sampling Water Well Other
frequency levels standards networks

Waste Management Area A-AX

299--E24-19"- Tp- of unconfined M RCRA --

299-E24-20) [Top of unconfined S M RCRA --

299-E25-4Ow Top of unconfined S M RCRA --

299-E24-13"I Top of unconfined -- M PRE --

299- E2 S-1

299-E25-2"

Top of unconfined

Top of unconfined

M

M

PRE

PRE
299-E25-14"3  Top of unconfined -- M PRE --

299-E25-15 Top of unconfined -- M PRE --

299-E25-1669  Top of unconfined -- M PRE --

299-E2-41-" Top of unconfined S M RCRA --

299-E25-46" Top of unconfined Q M RCRA --

Waste Management Area B-BX-BY

299-E33-31 9  Top of unconfined S M RCRA --

299-E33-32 9  Top of unconfined S M RCRA --

299-E33-3389 Top of unconfined S M RCRA --

299-E33-36 Top of unconfined S M RCRA 216-B-63
299-E33-419 Top of unconfined S M RCRA --

299-E33-3& Top of unconfined - S - M--- -- -RCRA 200-BP-1

299j33-39 Top of unconfined - S M RCRA 200-BP-1

209-E33-49 Top of unconfined - RCRA --

299-E33-4391 - Top of unconfined S M RCRA --

299-E33-1 5' Top of unconfined -- M PRE --

299-E33-5 55  Top of unconfined -- M PRE --

299-E33-8- Top-of unconfined -- M PRE --

299-E33-18 50  Top of unconfined -- M PRE --

299-E33-2157  Top of unconfined -- M PRE --

299-E33-2467* lop of unconfined -- M PRE --
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Table 4.13-1. Groundwater Monitoring Wells for the
Single-Shell Tanks. (sheet 2 of 4)

Well Aquifer Sampling Water Well Other
-_ - _- _-frequency levels standards networks

Waste Management Area C

299-E27-129 Top of unconfined S M RCRA --

299-E27-3 8 ' Top of unconfined - Si- 1 RCRA --

299-E27-148' Top of unconfined S M RCRA --

299-E27-158 9 Top of unconfined S M RCRA

299-E27-78 Top of unconfined Ss M PRE --

Waste Management Area S-SX

299-W22-39 Top of unconfined S M RCRA --

299-W22-44 Top of unconfined C -RCRA---

L299-022-1 iUp __U-UIL iid Q M RCRA --

299-W22-46 91 Top of unconfined S M RCRA

299-W23-13 Top of unconfined S M RCRA --

299-W23-14 Top of unconfined S M RCRA --

299-W23-14 Top of unconfined S M RCRA --

299-W23-15 Top of unconfined -- M PRE --

299-W23-2 Top of unconfined -- M PRE --

299-W23-3 56  Top of unconfined -- M PRE --

2994i23-C, Top of unconfined -- M PRE -
299-W23-5 j Top of unconfined MPRE -Ii f - r . I I

Ir-2-" Topurfluntiri. u Mi - - r.

299-W23-7 60  Top of unconfined -- M PRE --

299-W23 8  Top of unconfined - M- - PRE --

299-W23-12 7 1 Top of unconfined -- M PRE --
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Table 4.13-1. Groundwater Monitoring Wells for the
Single-Shell Tanks. (sheet 3 of 4)

Well Aquifer Sampling Water Well Other
frequency levels standards networks

Waste Management Area T

299-W10-150 Top of unconfined Q M RCRA --

299-1-.16" Top of unconfined 0 M RCRA --

299-411-27' Top of unconfined Q - CR-
- - TIned Q M RCRA --

299-W11-28 Top of unconfined -- Q RE --

299-W1O452 Top of unconfined -- M PRE --

299-W10-35  Top of unconfined -- M PRE --

299-WIO-9' Top of unconfined -- M PRE --

299-WIO-9 - Top of unconfined -- PRE --

299-W10-12, Top of uiconfined -- RE --

299-Will-233 Top of unconfined - M PRE --

299-Wll-24 I Top of unconfined -- M PRE --

299-W10-10' Top of unconfined -- j PRE --

-- -- Waste Managq mont Arca TX-TY

299-W1 -90 1 Top of unconfined M RCRA --

299-Wl0-18 Top of unconfined Q M RCRA --

299-W14-12 9 1

299-WIS-22 90

Top of unconfined

Top of unconfined

n

0j

M

M

RCRA

RCRA

-299-W5-35 2  Tp of unconfined -- M PRE --

2 99-W15-1 2 7 Top of unconfined -- M PRE --

299-W15-13' Top of unconfined -- M PRE --
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Table 4.13-1. Groundwater Monitoring Wells for the
Single-Shell Tanks. (sheet 4 of 4)

Well Aquifer Sampling Water Well Other

I frequency levels standards networks

Waste Management Area U

9-W14-2_59 Tnp of unconfined Q M RCRA-

299418-309 Top of unconfined 0 M RCRA --

299-W18-31' Top of unconfined 0 M RCRA --

209=W1931 Top of unconfined-- Q M RCRA --

299-Wl9-32' . Top of unconfined Q+ M RCRA --

299-W19-12 3  Top of unconfined QS M PRE --

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

M - frequency on a monthly basis.
PRE - well was constructed before RCRA specified standards.

Q - frequency on a quarterly basis.
RCRA - well is constructed to RCRA-specified standards.

S - frequency on a semiannual basis.
* - well decommissioned in September 1993.
+ - well is also sampled semiannually for the CC1 4 Expedited

Response Action project.
= - well is sampled for supporting data.

Work plans for these Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (CERCLA) operable units will be prepared at a future
date, which is not specified in the Action Plan that accompanies the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement)
(Ecology et al. 1992). Revision of the Tri-Party Agreement related to
remediation/treatment of the SSTs and waste therein is currently in progress.

4.13.1.1 Facility Overview. The 149 SSTs are located in seven WMAs
containing one or more tank farms. Three WMAs are in the 200 East Area (A-AX,
BX-BY, an-d--) and four a-re ibc atdd- in-the 2MYW-st Area (S-SX, T, TX-TY,
and U) (Figures 1-1, 4.13-1, and 4.13-2). Each tank farm contains from
4 (AX Tank Farm) to 18 (TX Tank Farm) tanks, each of which is an underground
reinforced concrete tank with a single liner of carbon steel. The larger
tanks have a diameter of 22.86 m (75 ft), varying height, and are buried at
least 1,8 m (6-ft) below the ground surface.

The SSTs are actively storing metal, first- and second-cycle radioactive
and hazardousi -I .e.-,- mi-xed)--waste rece ived from -various processing -facilities
in the 200 Areas of the Hanford Site. Types of waste added to the SSTs and
their general composition are discussed in Anderson (1990). These tanks were
constructed between 1943 and 1964 and, depending on dimensions, each held
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between 1,892,500 and 3,785,000-L (500,000 and 1,000,000 gal). The earliest
tank farms (B, C, T, and U) each contain four smaller tanks (200-series tanks)
that held 208,175 L (55,000 gal). The waste in the SSTs was generated by
chemical processing of spent fuel rods from several reactors located in the
i00 Areas of the Hanford Site, using the tributyl phosphate (TBP), bismuth
-Dhosnhte s(BYQ.4t~euctina-xisatio.tlant) (REDOX) or PlutaniUm-Uranium
Extraction (Plant) (PUREX) processes. Isotopes for various weapons systems
were recovered in these processes and subsequently refined to weapons grade
materials.

The SSTs received various mixtures of organic and inorganic liquids
containing radionuclides, solvents, and metals that were originally discharged
to the tanks as alkaline slurries. Waste management operations have mixed
various waste streams from numerous processes and batches generated in
processing spent fuel rods. Thus, the specific contents within each tank are
difficult to determine because of this mixing and because of subsequent
chemical reactions, degradation, and decay of radionuclides. The radionuclide
and chemical inventory of the SSTs was summarized in a report this year
(WHC 1993). Historical operations at the tank farms are summarized by
Anderson (1990).

The-last -of the SSTs was removed from active service in 1980. Because
discharges to the SSTs stopped in 1980, some of the tanks have been interim
stabized by-reov-ig the supernate and interstitial liquids to minimize the
potential for leakage. Some tanks have been interim isolated by removing
piping to prevent inadvertent addition of liquids to the tanks (see
Hanlon (1993] for details).

Presently, the SSTs cumulatively store about 140,045,000 L (37 Mgal) of
waste that consists mostly of salt cake and sludge (the residue from pumping
out free liquids to the double-shell tanks), but with small quantities of
supernate and interstitial liquids that could not be removed by pumping. The
waste is largely inorganic and consists primarily of sodium hydroxide, sodium
salts of nitrate, nitrite, carbonate, aluminate, and phosphate. Some hydrous
oxides of-ron-and-manganese also are present. Fission-product radionuclides
(such as " Cs, 'OSr, "Tc) and actinide elements (such as uranium, thorium,
plutonium,- and-neptunium) constitute the principal radioactive components of
the waste. Some of the SSTs are "Watch List Tanks" because they contain
ferrocyanide or organic salts, they could possibly release hydrogen, or
generate high heat from the radioactive decay of contents (see Hanlon [1993]
for details).

The liners of the SSTs are made of carbon steel, which was not stress
-relieved du-ring -fabrication. Gonsequetly, heat-induced-stress-corrosion
cracking of the liners has occurred and, along with other stresses from
changing liquid levels and temperatures within the tanks, has resulted in the
failure of some of the steel liners and the escape of liquids from some of the
tanks. Of the 149 SSTs, 67 are assumed to be leaking (Hanlon 1993), with the
largest known leaks occurring at Tank 241-T-106 in 1973 (estimated at
435,275-L [115,000 gal]) and Tank 241-BX-102 in 1971 (estimated at 264,950 L
[70,000 gal]). Most leaks are estimated to be considerably smaller. Water
was added to some tanks to control temperatures (e.g., Tank 241-A-105) and
some of this water also may have leaked from the tanks. The earliest leaks at
the SSTs were detected in the late 1950's. The most recent addition to the
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list of assumed leakers was made in May 1993 when Tank 241-SX-102 was declared
an assumed leaker; however, after further investigation using improved
technology, the tank was again declared sound in July 1993 (Hanlon 1993).

The depth to groundwater beneath the tanks exceeds 30.3 m (100 ft), and
it is-not certain that -any contaminants in the groundwater in the Separations
Areas were derived from the waste leaked from the SSTs or whether they were
from nearby unlined waste disposal facilities like cribs, trenches, or ponds,
which received liquid wastes containing similar constituents. Analyses of
gross gamma logs from dry wells adjacent to Tank 241-T-106 indicate that the
leaked waste appeared to stabilize in the vadose zone well above the
groundwater (Rout on et- al. 1979). -The-maximum detected depth of the 1-pCi/L
concentrationDf -Rw (fllowing tihe T-106 leak -was -28.8 m(95 ft) above the
regional water table. Modeling studies using Ru (Smoot et al. 1989)
suggest that-some of the leaked waste- from Tank 241-T-106 may have reached
groundwater.

The tanks are monitored through the use of liquid observation wells and
other liquid monitoring devices in the tanks to detect changing liquid levels
as well as a series of vertical wells in the unsaturated zone ("dry" wells)
around the periphery of each tank. Two of the tank farms (A and SX) have a
series of three lateral lines beneath each tank extending from a 3.6-m-
(12-ft-) diameter vertical caisson. These dry wells and laterals are
periodically monitored by gross gamma probes to detect elevated (above
background) radioactive decay counts and to observe any changes in the
detected peaks (increasing, decreasing, movement to greater depth, etc.). In
1993, the policy for leak detection at the SSTs changed. Gross gamma logging
in external dry wells is no longer used to detect leaks at SSTs, although
logging will continue temporarily until liquid nbservatinn wells (LOW) have
been insta-lled- in- all 149 SSTs-. - Currently LOWs exist in 56 tanks; logging in
the LOWs along with measurement of liquid levels in the tanks by Food
instrument Corporation or manual tapes Will be the primary leak detection
system.

Stratigraphy beneath tank farms-in the 200 Areas- is generally sumMarized

in- Chapter -0-Greafer detail of the -stratigraphy -beneatt the-200 Areas may
be found in Section 4.1, which also contains numerous cross sections through
the 22VAreas.- DetaIls-of-stratigraphy beneath each WMA -may be-found in the
groundwater monitoring plan for the SSTs (Jensen et al. 1989; Caggiano and
Goodwin 1991). In general, network groundwater monitoring wells in the
200 East-Area are screened in the Hanford formation (WMA B-BX-BY) or the
Ringold Formation (WMAs A-AX and C). Wells in all WMAs in the 200 West Area
are screened in the Ringold Formation (mostly Ringold E gravels, previously
designated mostly as the Middle Ringold).

4.13.1.2 Summary of 1993 Activities. All but one of the existing RCRA wells
were sampled in--1993 initially quarterly and then semiannually for most wells
in-most WAs.- Only-well 2-W11-28-at WMA T was not- sampled-because of pump and
well problems that were remediated late in the year. The data are reported in
quarterly reports (Caggiano 1993b, 1993c, 1993d, 1994). Water levels were
measured monthly in all the RCRA standard wells as well as most of the
35 carbon steel wells that are used only for water level measurements.
-Concern far-safety-of operating-personnel led-ta exclusion of workers from
tank farms except for priority work in August 1993. Consequently, water
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levels were not measured in older carbon steel wells located inside the
perimeter fences of tank farms after July 1993. Water level data for these
68 wells are also included in the quarterly reports (Caggiano 1993b, 1993c,
1993d, 1994). Water levels are no longer measured in decommissioned
Wa11 927-E9A (WMA P.-Y).PV

A borehole summary report containing geologic and geophysical logs along
with as-built summaries for SST groundwater monitoring wells constructed in
1991 and 1992 (Caggiano 1993e) was released in March 1993.

- Elevated specific conductance in downgradient wells 2-WIO-15 at WMA T and
2-WIO-17 and 2-W14-12 at WMA TX-TY, which exceeded the critical mean for this
parameter, triggered-WMAs T and TX-TY into groundwater quality-assessment
monitoring under interim status (40 Code of Federal Regulations [CFR] 265).
The elevation of specific conductance was verified-in April 1993.
A-groundwater-quality-assessment monitoring plan (Caggiano and Chou 1993) was
submitted to Ecology in early July following notification to Ecology of the
change in the status of groundwater monitoring at these two WMAs. A single
groundwater quality assessment plan was submitted because these two WMAs
(T and TX-TY) are close to one another and are situated above an areally
widespread plume of high conductivity in groundwater in the northern part of
the 200 West Area (Johnson 1993, Figure 5-37). Additional existing wells are
being added to the assessment monitoring network to help determine whether the
elevated conductivity in groundwater beneath these two WMAs results from
releases from these two WMAs.

Field specific conductance in downgradient well 2-W22-44 (WMA S-SX)
exceeded the critical mean in September 1993. However, the data proved to be
erroneous after review and verif-ication s-ampling, -and- no change -i-n -groundwater
monitoring status has occurred. The laboratory measurement of specific
conductance for-the September--1993 -sample was 190 mho/cm and agrees with
historical trends. There were no other exceedances of the critical mean
(or critical range for pH) for any indicator parameters at SST WMAs in 1993
other than that at WMAs T and TX-TY discussed above.

An Engineering Change Notice to the groundwater monitoring plan for the
SSTswas-issued inSeptember_1993 to update the plan with new figures, tables,
and mans. and to modify the constituent list.

4.13.1.3 Other Activities in 1993. A borehole was constructed in 1993
adjacent to Tank 241-T-106 through the plume of waste leaked to soils in
June--1973 -- BEorehole-2-W1O-196 was-drlled using cable tool methods to a depth
of 4.06 - (179.8 ft) and terminated about 11 m (35 ft) above the water table.
A borehole characterization report describing this activity is being prepared.

One older carbon steel well, 2-E33-24 (WMA B-BX-BY), was decommissioned
In-September-1993-to facilitate the-construction-of-a-cover over the adjacent
216-B-57 Crib as part of remedial activities at the 200-BP-1 operable unit.
Water levels had been measured monthly in this well before its
decommissioning.
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4.13.2 Sampling and Analysis Program

Groundwater beneath the SSTs is being monitored by a RCRA interim-status
groundwater monitoring well network as specified in the original groundwater
monitortngpilan-(Jensen et al. 1989) and its revision (Caggiano and
Goodwin 1991). During-the past year, indicator parameter background values
were established for SST WMAs T, TX-TY, and U. Indicator parameter evaluation
monitoring is occurring at each WMA except for WMAs T and TX-TY, which are now
in assessment monitoring. Background sampling and analyses have been
completed at all WMAs. and statistical analyses of these data for WMAs T,
TX-TY, and U are presented in Appendix C. Tables 4.13-2 through 4.13-8
present the critical mean for all WMAs. Critical means for WMAs A-AX,
-B'BX-BY;-C-and S=SX-have been-revised from those originally presented in the
1992 annual report (Caggiano 1993a). Previous RCRA groundwater monitoring at

- -the-SSTs is summari-zed irr- other annual- reports- (Caggiano 1991a, 1992a).

-4 13.-2:1- Konitori n weitietwork --- tot-a--uf 38 RCRA-standard wells-monitor
the SSTs, 3 of which are part of other monitoring networks surrounding
WMA B-BX-BY (see Table 4.13-1). An additional 35 older carbon steel wells
have been used to measure water levels. Groundwater monitoring wells are
shown in Figures 4.13-3 and 4.13-4 and are listed in Table 4.13-1. All RCRA
standard wells are located outside the perimeter fences of the tank farms and
at least 30.3 m (100 ft) from the nearest tank (per agreement with Ecology).
This agreement was to avoid drilling through contaminants in the unsaturated
zone and driving them to groundwater during well construction. As a further
precaution, cable tool drilling is initiated with 30.5-cm- (12-in.-)
(or larger)- diameter casing so that any string of casing can be terminated in
a zone of contamination (or perched water)-and the well drilling can be
continued with-smaller -diameter casing inside (if drilling is continued after
an evaluation of field data). The first 12 RCRA groundwater monitoring wells
were installed in 1989 at WMAs A-AX, B-BX-BY, C, and T, with 11 more installed
in [990 at WMAs A-AX, B-BX-BY, S-SX, TX-TY, and U. Ten additional wells were
constructed at the SSTs in 1991 at WMAs B-BX-BY, S-SX, T, TX-TY, and U, and
-twwre -constructed 4n 1992 no Z MAtAs A-.nA C 4-4

Fifty-one wells constructed of carbon steel casing before 1986 penetrate
the uppermost unconfined aquifer within 302.8 m (1,000 ft) of the SSTs. Some
of these wells are located within the tank farms (i.e., inside the perimeter
fenc-es}.- -The -cas-ing i-n these wells is perforated at various lengths and
intervals to communicate with the unconfi-ned-aquifer.-- When constructed,-these
wells generally lacked annular or surface seals and do not have nonreactive
screens and filter packs-surrounding the screens as required by WAC 173-160
for newly constructed monitoring we-s Partial-annular seals were installed
in some of these wells in the 1970's. Many of these wells have been used to
nesure- water levels aront-the STs- (see Tabi e 4.13-1). CnC-erns f safety
of personnel led to banning access to tank farms for nonessential activities
in August 1993. Because of this standdown, water levels are no longer
measured in wells located within the perimeter fences of tank farms pending
evaluation to determine the added value of water level data from these wells.

-4- -tamlin--and-Aniaysts .-- Samp-ing- -of- groundwater began in
February 1990 in -wells-that were completed in 1989 and in some existing wells,
but- this activity--was terminated i-n May 1990 because of the lack of a

4. 13-11
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Table 4.13-2. Critical Means Table for 20 Comparisons--Background
Contamination Indicator Parameter nata for the Single-Shell Tanks

Waste Management Area A-AX.

- 1.nstitta r Upgradient/
Constituen -, Average Standard Critical mean downgradient

(unit) I background deviation comparison
value

Specific 8 7 5.4079 396.563 59.671 738.8 738.8
conductance
(pmho/cm)

Field pH 8 7 6.0818 7.798 0.194 [6.55, 9.05] [6.55, 9.05]

Total 6c 5 5.4079 500 NC NC 800d
organic
carbon

(ppb)

IoTal NC k.f NC NC NC IL C N1C
oganic

halogen'
3 (pph)

aData collected from July 1991 to May 1992 for upgradient wells 2-E25-40
an" 2-E2t-A1. Critical means calculated based on 20 comparisons.

'The following notations are used in this table:
df - degrees of freedom (n-1)

-tn -number of background repl icate averages
t- Bonferroni- critical t-value for appropriate df and

20 comparisons.
9Excluding total organic carhon values collected on 2/28/92 from

wells 2-E25-40 and 2-E25-41 because of a nonconformance report.
dUpgradient/downgradient comparison value for total organic carbon is

the limit of quantitation based on 1993 field blank data (see Appendix A).
-Critical -nean cannot be calculated because of problems associated with

data quality.
NC = not calculated.

4.13-12
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Table 4.13-3. Critical Means Table for 28 Comparisons--Background
Contamination Indicator Parameter Data for the Single-Shell Tanks

Waste Management Area B-BX-BY.a,b

Upgradient/
Constituent n df t Average Standard Critical mean downgradient

(unit) C background deviation comparison
value

Specific 8 7 5.7282 262.656 16.958 365.7 365.7
conductance
(gmho/cm)

Field pH 8 7 6.4295 7.902 0.709 [3.07, 12.74] [5.47, 10.78]c

7c -15 2227 .0.344 8 1 6{5.47, *1.78 1

Total 8 7 5.7282 500 NC NC 800d
organic
Icarbon

Total NC NC NC NC NC NC NC
organic
halogen e
(ppb)

8Data collected from July 1991 tn jmn 1992 for upgradient
wells 2-E33-33 and 2-E33-36. Critical means calculated based on
28 comparisons.

'The following notations are used in this table:
-df =degrees of freedom (n-1)

n = number of background replicate averages
te Bonferroni critical t-value for appropriate df and

28 comparisons.
cUpgradient/downgradient comparison value for pH is the critical mean

calculated excluding the inconsistent pH replicate average 6.335 of samples
collected on 1/3/92 from well 2-E.3-56.

dUpgradient/downgradient comparison value for total organic carbon is
the limit of quantitation based on 1993 field blank data (see Appendix A).

-critial mean cannot be calculated because of problems associated with

NC = not calculated.

4.13-13
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Table 4.13-4.
Contamination

Critical Means Table for 16 Comparisons--Background
Indicator Parameter Data for the Single-Shell Tanks

Waste Management Area C.a,b

Upgradient/
Constituent Average Standard Critical downgradient

-(unit)- n UT t background deviation mean comparison
value

Speififc 4 3 11.9838 353.063 14.244 543.9 543.9
conductance
(Amho/cm)

Field pH 4 3 15.1451 8.038 0.109 [6.19, 9.88] (6.19, 9.88]

Total 4 3 11.9838 500 NC NC 800c
organic
carbon I II
Total INC NC NC NC NC NC NC
iorganic,
halogen d
(ppb)

aData collected from July 1991 to August 1992 for upgradient
well-_-E27-14. Criticalmeans calculated based on 16 comparisons.

"he following notations are used in this table:
df = degrees of freedom (n-1)
-nmimbir of background replicate averages
t- Bonferroni critical t-value for appropriate df and

16 comparisons.
Upgradient/downgradient comparison value for total organic carbon is

the limit of quantitation based on 1993 field blank data (see Appendix A).
dCritical mean cannot be calculated because of problems associated with

data quality.
-NC - not calculated.
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Table 4.13-5. Critical Means Table for 28 Comparisons--Background
Contamination Indicator Parameter Data for the Single-Shell Tanks

Waste Management Area S-SX.a"b

Upgradient/
Constituent n df Average Standard Critical mean downgradient

(unit) -background udeviation comparisonI value

Specific 8 7 5.3168 246.3125 42.666 486.9 486.9
rnnlct nrn

(pmho/cm)

rieTd4 p 1 6 .429j - .918 0.30/ 1E.81, 10.03]'[6.68, 9-18]c

7 5.3168 500 NC NCTotal
organic
carbon
(ppb)

Total
organic
halogen'
(ppb)

8Data collected from October 1991 to July 1992 for upgradient
wells 2-W23-13 and 2-W23-14. Critical means calculated based on
28 comparisons.

bThe following notations are used in this table:
df = degrees of freedom (n-1)
n = number ofbackground replicate averages

t, = Bonferroni critical t-value for appropriate df and
28 comparisons.

CUpgradient/downgradient comparison value for pH were calculated using
data collected from October 1991 to June 1993 (wells 2-W23-13 and 2-W23-14)
because the critical range calculated using four quarters of data is too
large to be meaningful.

diiPriradient/downgradient comparison value for total organic carbon is
the limit of quantitation based on 1993 field blank data (see Appendix A).

'Critical mean cannot be calculated because of problems associated with
data quality.

NC = not calculated.

4.13-15
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Table 4.13-6. Critical Means Table for 12 Comparisons--Background
Contamination Indicator Parameter Data for the Single-Shell Tanks

Waste Management Area T .

Upgradient/
Constituent n df t Average------Standard Critical mean downgradient

(unit) C background deviation comparison
value

Specific 5 4 7.5288 837 40.938 1,174.6 1,174.6
conductance
(umho/cm)

Total 3 0 6
organic
carbon
(ppb)

Total NC NC NC NC NC NC NC
organic
halogen e
[(ppb) ___ _____jI______________

*Data collected from July 1991 to July 1992 for upgradient
well 2-W10-16. Critical means calculated based on 12 comparisons.

The following notations are used in this table:
df = degrees of freedom (n-1)
n = number of background replicate averages

t-= Bnferroni critical tt-valte-for appropriate df and
12 comparisons.

cExcluding total organic carbon values collected on 4/20/92 from
well 3-W10-16 because of a nonconformance report.

Upgradient/downgradient -comparison- value- for total organic-carbon -is
the limit of quantitation--based--on-1993-field blank data 'see Appendix A).

*Critical mean cannot be calculated because of problems associated with
data quality.

NC - not calculated.

4.13-16
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Table 4.13-7. Critical Means Table for 16 Comparisons--Background
Contamination Indicator Parameter Data for the Single-Shell Tanks

Waste Management Area TX-TY.a,b

Upgradient/
Constituent n df t Average Standard Critical mean downgradient

(unit) C background deviation comparison
value

Specific 4 3 11.984 454.812 15.866 667.4 667.4
conductance
(pmho/cm)

IA 7O,, c7

Field pi11 4 3 15145 -7.78 n171 - 4 t-7, 9.7

Total 3 --- 2 28,258 500 NC NC 800e
organic
carbon I
(ppb)~ - I I I

Total NCINC NC NC NC NC NC
organic I
hal ogen'
(ppb) J I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'Data collected from -September 1991 to July 1992 for upgradient
well 2-W15-22. Critical means calculated based on 16 comparisons.

bThe following notations are used in this table:
df - degrees of freedom (n-1)
n = number of background replicat0 nveragne

tc = Bonferroni critical t-value for appropriate df and
16 comparisons.

Upgradient/downgradient comparison valuesfor pH were calculated using
data collected from September 1991 to September 1993 (well 2-W15-22) because
the critical range calculated using four quarters of data is too large to be
meaningful.

"Excluding total organic carbon values collected on 4/20/92 from
well 2-W15-22 because of a nonconformance report.

*Upgradient/downgradient comparison value for total organic carbon is
the limit of quantitation based on 1993 field blank data (see Appendix A).

tCritical mean cannot be calculated because of problems associated with
data quality.

NC = not calculated.

4. 13-1"
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Table 4.13-8.
Contamination

Critical Means Table for 20 Comparisons--Background
Indicator Parameter Data for the Single-Shell Tanks

Waste Management Area U.ab

-Dat-a collected from Apri
wells 2-W18-25 and 2-W18-31.

1 -1992 to March 1993- for upgradient
Critical means calculated based on

9n cnmnaricnnc
11 tlo _ ins are used In this table:

df = degrees of freedom (n-1)
n = number of background replicate averages

t= = Bonferroni critical t-value for appropriate df and
20 comparisons.

0Upgradient/downgradient comparison value for pH is the critical mean
calculated excluding the inconsistent pH replicate average 6.822 of samples
collegted on 7/20/92 from well 2-W18-25.

Excluding total organic carbon values collected on 4/21/92 from
well 2-W18-25 because of a nonconformance report.

*Upgradient/downgradient comparison value for total organic carbon is
the limit of quantitation based on 1993 field blank data (see Appendix A).

-- Critica-mean cannot be calculated because of problems associated with
data quality.

NC = not calculated.

4.13-18

Upgradient/
Constituent n df t Average Standard Critical mean downgradient

(unit) L background deviation comparison
value

Specific 8 7 5.4079 239.562 29.216 407.1 407.1
conductance
(ytmho/cm)

F i d pH - 8 7 6.0818 7.772 0.490 [4.61, 10.93] [5.53, 10.29]c

7c 6 6.7883 7.909 0.328 [5.53, 10.29]

Total 7 d 6 5.9588 500 NC NC 8000
organic
carbon
(ppb)

Total NC NC NC NC NC NC NC
organic
halogenf
(ppb)
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supporting analytical laboratory Quarterly sampling of wells in WMAs A-AX,
B-BX-BY, C, and T was resumed in July 1991. Wells in WMAs S-SX, TX-TY, and U
were first sampled in October 1991. Analytical data have been reported in
quarterly reports (Caggiano 1991a, 1991b, 1991c, 1991d, 1992b, 1992c, 1992d,
1992e). Four quarters of background data have been obtained at all WMAs.
Groundwater is now sampled semiannually at WMAs A-AX, B-BX-BY, C, S-SX, and U
and analyzed for indicator parameters. Annual sampling for analysis of
groundwater quality and site-specific parameters occurs at these five WMAs
also.----Because of- the potential for- detecting- the--spread of a groundwater
mound that may be developing beneath the 284-W Powerhouse Pond, anions.have
been added to the site-specific constituentlist for WMA-U and are sampled
quartery--Chor-ide-is-the best tracer of groundwater recharged from
infiltration beneath the pond.

Groundwater samoles from SST-monitoring wells were analyzed for drinking
water-standards-(DWS)--indicator parameters--and water quality parameters
(Table 4.13-9 37durin the period of background monitoring. Samples were also
analyzed for Cs, ' Sr, 99Tc, "Co, and tritium as these were among the key
radionuclides discharged to the SSTs. Iodine-129 is analyzed semiannually as
a part of another program and the data are included for the SSTs. Total
uranium and plutonium are also monitored. Gamma scans were also run on
samples fromSST wells.-_All SST WMAs are now in indicator parameter

-- - vakatio statu ~ex t-fnr -W 1As-- fand -T t," U-and- -are -s-ampled semi-annually
for indicator parameters and annually for groundwater quality parameters and
site-specific parameters. Anions are sampled quarterly at WMA U to determine
whether changing water levels result from expansion of a water table mound
beneath the 284-W Powerhouse Pond.

4.13.3 Groundwater Chemistry Evaluation

4.133._1 Possible Sources. The site-specific constituents identified above
-- cOntlinue Lo-Ue-monitored-during-indicator parameter-evaluation. Because these

constituents were also discharged to nearby cribs, unlined specific-retention
trenches, unlined ditches, french drains, and ponds (some of which are
upgradient of SST tank farms), it is not possible to distinguish the source of
these contaminants in groundwater. There are no known unique indicator
analytes that would allow tracing of contaminants directly to the SSTs as a
source. Supernatant from the last tank in a cascade line was discharged to
nearby cribs at times to make space for additional discharges to the SSTs.
Some of this waste may have reached groundwater,

Quality control forsome- analyses -of 9Tc-in --the laboratory--in-1992 -has
led to the reporting of erroneously high activities. After a review of
laboratory procedure, it was discovered that dilution was not properly
factored into the calculation of activity of this isotope and several values
were corrected in a subsequent quarterly report. Others of these high values
still remain anomalously high and review of the data is continuing,

4.13.3.2 Elevated Constituents. A number of constituents have exceeded
regulatory limits in RCRA groundwater monitoring wells at SST WMAs. These
exceedances are summarized in Table 4.13-10. Note that results of unfiltered
analyses for iron, chromium, and manganese are not included in this table

4.13-21
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Table 4.13-9. Constituent List for the Single-Shell Tanks.

Contamination indicator parameters

pH Total organic carbon
Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2,4-D Endrin Methoxychlor
2,4,5-TP Silvex Fluoride Nitrate

------ ~~~~- -t e i r sz al ' .Ui

Barium Gross beta Selenium

1Cadmium Lead Silver
Chromium Lindane Toxaphene
Coliform bacteria Mercury Turbidity

Site-specific parameters

Ammonium Total organics: Tritium
Cesium-137
Cobalt-60
Gamma scan
Iodine-129
Plutonium
Strontium-90
Uranium

because these constituents are common in groundwater samples collected from
recently constructed RCRA standard wells at all facilities on the Hanford
Site. These constituents occur mostly in analyses of unfiltered samples, but
are sometimes found in analyses of filtered samples. Iron, chromium, and
manganese are generally not indicative of any waste leaked to soils from the
SSTs, but are principal constituents in carbon steel and stainless steel. For
-these reasons, these constituents are assumed to occur in analyses of
groundwater because of well construction or some other common element.
Turbidity in samples often exceeds the WAC standard of 1 nephelometric
turbidity unit (NTU), but is not included in this table. All SST WMAs in the
200 East Area are located above a plume of 1291 that has been mapped in
groundwater (Connelly et al. 1992a). Iodine-129 is therefore omitted from
this table. Most values for 129I in groundwater from 200 East Area SST wells
are between 1 and 10 pti/L (see plume miap for 1291 in Section 4.1).

4.13-22
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Table-4.i3-10. Constituents Exceeding Regulatory Limitsa at
Single-Shell Tank Waste Management Areas. (sheet 1 of 3)

- T1A i t Up/Down st. Vo Standre) CommentsWMA i I L" ft. Gradient Cos it va OLfloC I Comient

A-AX E24-19 D Fit. Cr - 1,800-- - ----100-- 11/05-/92 Ve!-ies for unfittred nickel
280 100 3/03/93 for these sample dates are:
960 100 6/17/93 930,960; 210,210; 340 ppb

filtered nickel results:
790,800; 140,150; 300 ppb

-- -- Fill. An- 140---- --F 11/05/92 - -

Turbid. 1.5 NTU 1 NTU 11/05/92
17.0 NTU 11/05/92

.-O.X-BT 3-31 -D - -Gross 6 104 pCi/L 50 11/06/92 Values for "Tc for these

I5 i/L 50 3/02/93 sample dates are: 104, 462,
139 pCi/L 50 6/16/93 and 139 pCi/L

E33-41 D Goss -125 pCi/ 50 11/06/92 Values for "Tc for these
110 pCi/L 50 3/02/93 sample dates are: 577, 397,
117 pCi/L 50 6/17/93 and 647 pCi/L

- E3-4 ---- ---- Asaf----1-1-P~/L - 50-- -11/6/2 Valijes__for "Tr fnr theapr26 {/L 3/O2/93jsample dates are: 460, 439,
102 pCi/L 50 6/17/93 449, and 408 pCi/L

__I 108 pCi/L _50 9/21/93

C E27-14 U "Sr 35.30 pCi/L 8 6/15/93 --

S- . U22-1O D. Gross - 181.00 pti/ 50 11/24/92 Values for "iTc for these
165.0 pCi/L 50 3/04/93 sample dates are: 677, 627,

- 168.0 pCi/L 50 6/24/93 and 554 pCi/L

W22-46 D Gross f6 244.0 pCi/L 50 11/23/92 Values for "Tc for these
203.0 pCi/L 50 3/05/93 sample dates are: 865, 611,
208.0 pCi/L 50 6/24/93 and 629 pCi/L

W23-14 U Tritium 155,000 pCi/L 20,000 11/23/92 --

206,000 pCi/L 20,000 3/04/93
165,000 pCi/L 20,000 6/25/93

W23-15 D Gross i 2,410 pCi/L 50 11/23/92 Values for "Tc for these
3,000 pCi/L 50 3/04/93 dates: 7,320, 7,740, 7,040,
1,550 pCi/L 50 6/25/93 and 6,550 pCi/L
1,410 pCi/L 50 6/25/93

NO! __ J6800 45,000 11123_92 --
76,000 45,000 3/04/93
73,000 45,000 6/25/93
73,000 45,000 6/25/93

Tritiun 247,000 pCi/L 20,000 11/23/92 --

238,000 pCi/L 20,000 3/04/93
165,000 pCi/L 20,000 6/25/93
167,000 pCi/L 20,000 6/25/93

T W10-16 U Tritium 40,800 pCi/L 20,000 11/10/92 --
51,700 pCi/L 20,000 3/05/93

- 50,000 pCi/L 20,000 6/21/93
46,100 pCi/L 20,000 9/28/93

Conduct. 772 Imho/cm' 700 11/10/92 --

790 pmho/cmd 700 3/05/93
779 pmrhdo/cm 700 6/21/93
771 pirho/cm' 700 9/28/93

NO, 160,000 45,000 11/10/92 --
140,000 45,000 3/05/93
150,000 45,000 6/21/93

4.13-23
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Table 4.13-10.--Con
SinT-Shel-Tank

stituents ExceedingRegulatory Limits'_at
Waste Management Areas. (sheet 2 of 3)

W1A WelL No. U/Dow Const i t. VaLue' Standard' Date(s) Comnents
Graiet I I

T (cont) W10-15' D Tritium 40,800 pCi/L 20,000 11/10/92 --

39,700 pCi/L 20,000 3/05/93
38,100 pCi/L 20,000 6/21/93---- -- 8235-300 pCi/L 20,000 M//93 -

Gross j 77.4 pCi/L 50 pCi/L 11/10/92 VaLues for "To for these
82.3 pCi/L 50 pCi/L 3/05/93 sampLe dates are: 495, 301,

. 85.3 cCi/L 50 pCi/L 6/21/93 334, and 562 pCi/L
108.6 pCi/L 50 pCi/L 9/28/93

-orduct. 1,244 pnMoi/cm 700 11/10/92
1,180 pmho/cm 700 3/05/93

1,183 pmho/cm 700 6/21/93
1,172 pmho/cmd 700 9/28/93

NO, 410,000 45,000 11/10/92 -
370,000 45,000 3/05/93
360,000 45,000 6/21/93

F 5,000 4,000 11/10/92 -
4,700 4,000 3/05/93
4,800 4,000 6/21/93

W10- 17' D Tritium 44,100
_44_,_600_
41,600
38,600

pCi/L
pCi /L
pCi/L
pCi/L

20,000
20,_000
20,000
20,000

11/11/92
3/08/93
6/23/93
9/28/93

NO, 140,000 45,000 11/11/921
120,000 45,000 3/08/931
130,000 45,000 1 6/23/931

Conduct. 745
M
752
760

pnho/cm'

pnho/cm'

700
700
700
700

11/11/92
3/08/93
6/23/93
9/28/93

W10-18 D Tritim 34,300 pCi/L 20,000 11/11/92 --

25,100 pCi/L 20,000 3/08/93
-- M2,400 pWi/ 20,000 6/24/93

22,80 pi/t 20,000 9/28/93

NO, 61,000 45,000 11/13/92 --
49,000 45,000 3/08/93

- *I ______ 5 4,0 0 45,000 6/23/93

Wi4-12' u Nu, 530,000 45,000 11/11/92 --
440,000 45,000 3/09/93
470,000 45,000 6/23/93

Tritium 463,000 pCi/L 20,000 11/11/92 --
456,000 pCi/L 20,000 3/09/93
427,000 pCi/L 20,000 6/23/93
564,000 pCi/L 20,000 9/28/93

Conduct. 1,639 pMo/cmo 700 11/11/92 --

1,505 pmho/cm4 700 3/03/93
1,571 pwho/cmo 700 6/23/93

Gross 6 1,680 pCi/L 50 11/11/92 VaLues for "TC for these
905 pCi/L 50 3/09/93 sampLe dates are: 13,300,

-- - 1,890 1Ci/L 50 6/23/93110,700, 7,570, and
-_______ - -_,__2-20- pi/t- - s-o---5 / ,2 p,,;/

W15-22 U NO, 64,000
68,000
82,000

45,000
45,000
45,000

11/11/92
3/05/93
6/23/93
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Table 4.13-10. Constituents Exceeding Regulatory Limits8 at
Single-Shell Tank Waste Management Areas. (sheet 3 of 3)

WMA Iwell No. Constit. Value' Standardl Date(s) Comments

- - -- - - U_- Wi9-31 - D - --- Gr-o s-0$ - 65-.a PC i/t----- -- 5..-11-/ 0/ 2 - au s for- "Tc for -these -
--- - - -b-s-j 50.4 pCi/L 50 3/04/93 sample dates are: 257, 168,

50.9 pCi/L 50 6/21/93 and 195 pCi/L -

- - 9-32 0 cross A 102.0 OCi/L 50 11/13/92 values for "Tc for these
118.0 pCi/L 50 3/05/93 sample dates are: 483 and

439 pCi/L

'Excludes values of chromiun, iron, and manganese that frequently exceeded the drinking water or
secondary maximum contaminant Level standards for analyses of unfiltered samples. Only results of filtered
analyses of these metals that exceeded standards are reported. These metals are constituents of carbon
steel and stainless steel, materials used to drill and construct wells. Elevated values for these
constituents in unfiltered analyses are conmon in all RCRA standard wells constructed at all RCRA
facilities at the Hanford Site over the last several years. Based on this pattern of occurrence, it is

--assumed--that--these constituents ingroundwater are present because of well construction practices or sane
factor common to all wells. They are generally not indicative of constituents discharged to specific waste

-t management facilities and are therefore judged not to be a result of contamination of the groundwater by
discharge of waste to facilities. For these reasons, these constituents are excluded from this table.
Turbidity is also excluded because it is elevated above the I-NTU level in most wells.

"In units of ppb unless otherwise noted.
L 'ean value of quadruplicate analyses -exceds the-WAC-24854-173 limit-and-the-criticai man for

-spec-fic--conductancer. - -High -conductivity -in-this -well has triggered the site, into -graundater quality
assessment monitorino under 40 CFR 265.

---------------. dings at well head.
NLa = nephoemetric turbidity unit.
wMA = Waste Management Area.

Chromium in filtered analyses of groundwater in well 2-E24-19 at WMA A-AX
has been erratic (Figure 4.13-5). This constituent exhibited a steady rise to
-1,80a-ppb in November 1992, declined to 280 ppb in March 1993, and then rose
again to 960 ppb in June. Results for filtered analyses of nickel and
manganese have shown similar trends, but the concentrations have been lower.
No other constituents appear to exhibit this trend and there has been no
significant change in pH or specific conductance to accompany this change.
This is the-only downgradient-well-at WMA A-AX-exribiting this trend; nearby
wells 2-E24-20 and 2-E25-46 do not exhibit these changes in concentration of
chromium in filtered sample analyses. There have been no new leaks or spills
-of-dangerous-waste reported in either-the-241-A or 241-AX Tank Farms that
might account for this phenomenon. Some special studies are being considered
to evaluate the pattern of changing chromium concentrations in this well.

Groundwater-contaminant plumes-beneath the 200 -Areas have-been mapped
(Ford 1993). Contaminants in groundwater include constituents discharged to
SSTs. These same constituents were also discharged to unlined cribs, ditches,
french drains, and ponds at lower activity levels. There are no known unique
indicator contaminants that trace solely to the SSTs as a source. Therefore,
it is-not possible to state unequivocally that the SSTs have not contaminated
groundwater. A similar point was made by Caggiano (1991e) regarding the fate
of-co-ling-water added to--Tank- 241-A-105 between 1971 and 1978. Routson
et al. (1979) demonstrated that contaminants leaked from Tank 241-T-106, the
largest known tank leak at the Hanford Site, did not reach the water table and
had-stabilized-in-the vadose zone. While-it-is-not-known Whether contaminants
leaked from any of the SSTs have penetrated the entire vadose zone to reach
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groundwater, it is known that supernatant was pumped from the last tank in a
cascade line of SSTs to cribs during earlier operations at the Hanford Site.
Whether the SSTs have contributed to contamination of groundwater at the
Hanford Site remains equivocal.

As-stated in-Section 4.13.1, field specific- conductance -in downgradient
well 2-W1O-15 at WMA T, along with wells 2-W10-17 and 2-W14-12 at WMA TX-TY,
has--exceeded the critical mean -for- th-s parameter and has triggered these
sites into groundwater quality assessment monitoring under 40 CFR 265. Field
specific conductance in these wells has historically been high during RCRA
sampling and continues to be elevated. Quarterly sampling during a joint
assessment monitoring-program for-these two WMAs will attempt-t detrmine the
source analyte(s) accounting for the elevated field specific conductance and
whether the SSTs in WMAs T and TX-TY may be the source. Analytical data
obtained from RCRA sampling/analyses suggest that elevated chloride, fluoride,
sodium, nitrate, and sulfate, individually or collectively, are constituents
that may be affecting the conductivity of groundwater in this area of the
20 -West Area. Elevated- specific conductance is areally widespread in
groundwater in the northern part of the 200 West Area (see Johnson 1993,
Figure 5-37).

No specific trends in analyte concentration/activity have been noted
during RCRA sampling/analyses, A general decrease in concentration/activity
of analytes can be seen in data when comparing results from analyses performed

the 1950"s, 1960's, and 1970's with those performed during RCRA
sampling/analyses. However, the methods of analyses have changed and the
construction of the older carbon steel wells and the section of the unconfined
q01ftr -famp~led di fr-ii~a y so -l- _n Meac to mlke nnily

generalizations. Wder wells have perforated carbon steel casing ranging
from 6 to 30+ m (20 to 100+ ft), have no annular seal or filter pack, have
experienced varying degrees of development, and may have been sampled by
varying types of pumps or bailers during their history. The data are
therefore not directly comparable. Contaminants elevated in Table 4.13-10
generally have been elevated to varying degrees in nearby older carbon steel
wells at varying times during their sampling history.

To evaluate contamination in groundwater beneath the SSTs relative to
total contamination of groundwater in the 200 Areas, the reader is referred
to contaminant plume maps elsewhere in this report or those contained in
Ford (1993).

4.13.3.3 Statistical Evaluation. Required statistical evaluations for all
WMAs have been performed. During the past year, initial background levels
were established for WMAs T, TX-TY, and U. Evaluations for WMAs T, TX-TY,
and U are summarized below. Tables listing the background input data,
replicate averages, and the background summary statistics are provided in
Appendix C. - Deta-ils-of four quarters of backgr-ound-data for WMAs A-AX,
B-BX-BY, C, and S-SX were included in the 1992 annual report (Caggiano 1993a).
Updated critical means tables for WMAs A-AX, B-BX-BY, C, and S-SX are included
here as Tables 4.13-2 through 4.13-5.

For all WMAs, the-criticai mean for total organic carbon (TOC) cannot be
calculated because all of the background values taken from the upgradient well
(or wells) for TOC are below the contractually required quantitation limit,
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and an estimate for the background standard deviation is not available. For
these sites, a limit of quantitation (LOQ) is calculated from the 1993 field
blanks data. Following U.S. Environmental Protection Agency (EPA) guidance
(EPA 1986), the LOQ will be used as the TOC upgradient/downgradient comparison
value. This approach uses quality control data to target the limit of
quantifiable data and provides a realistic approach for upgradient/
downgradient comparisons. The LOQ for TOC (analyzed by DataChem Laboratories)
is 800 ppb (see Appendix A for calculations).

For all WMAs, the critical mean for total organic halogen (TOX) is not
calculated because of unsatisfactory audit findings relating to inadequate
quality--control-of-analytica-procedures in performing these analyses in the
laboratory (see Section 1.5.4).

4.13.3.3.1 Waste Management Area A-AX. There were no exceedances of
the critical_ mean for fieLd soecific conductance. field pH,-r TOC at
WMA A-AX.__Constituents that exceeded regulatory limits are listed in
Table 4.13-10.

-4-13;3-3.2 Waste Management -Area 8-X-;Y.-- There were no exceedances of
the critical mean for-field specific conductance,_field-pH, or _TOC at
WMA-B-BX-BY. -Constituents-that exceeded regulatory limits are listed in
Table 4.13-10.

4.13.3.3.3 Waste Management Area C. There were no exceedances of the
critical mean for field specific conductance, field pH, or TOC at WMA C.
Constituents that exceeded regulatory limits are listed in Table 4.13-10.

4.13.3.3.4 Waste Management Area S-SX. There were no exceedances of the
critical mean for field specific conductance, field pH, or TOC at WMA S-SX
other than the values for field specific conductance in well 2-W22-44 that
were demonstrated to be erroneous. Constituents that exceeded regulatory
limits are listed in Table 4.13-10.

-- 4.13.3..-5---Waste Management Area-T. -Statistical evaluation of data for
the past year -at WMA-T consi-ste-d of establ-ishtng- background levels for the
contamination indicator parameters (except for TOX). Statistical analyses
required by 40 CFR 265.93(b) and WAC 173-303-400 were performed on the samples
collected-from-July 1991-to May-1992 for upgradient well 2-W10-16. Results
are presented in Table 4.13-6. This table lists the background average,
background-standard deviation, -and critical mean (or critical range, in the
case of pH) for the contamination indicator parameters from the upgradient
wells. The critical mean (or critical range) is the value to which future
averages of quadruplicate measurements will be compared. As indicated in
Section 4.13.3.2, critical mean for TOX was not calculated because meaningful
results could not be obtained from the laboratory.

Other than specific conductance, there has been no exceedance of the
critic-al -me-a--(or--cri-tical range) for the other indicator parameters at WMA T.
Exceedance of the critical mean for field specific conductance has triggered
WMA T into groundwater quality assessment monitoring status under 40 CFR 265.
Details are in Section 4.13.1.2 and Caggiano and Chou (1993).
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4.13.3.3.6 Waste Management Area TX-TY. Statistical evaluation of data
for the past year at WMA TX-TY consisted of establishing background levels for
the contamination indicator parameters (except for TOX). Statistical analyses
required by 40 CFR 265.93(b) and WAC 173-303-400 were performed on the samples
-collected from July 1991 to May 1992-for upgradient well 2-W15-22. Results
are-presented in Table 4.13-7. This table lists the background average,
background standard o-i on and critical mean (or critical range, in the
case of pH) for the contamination indicator parameters from the upgradient
wells. The critical mean (or critical range) is the value to which future
averages of quadruplicate measurements will be compared. As indicated in
Section 4.13.3.2, the critical mean for TOX was not calculated because
meaningful results could not be obtained from the laboratory.

Other than specific conductance, there has been no exceedance of the
critical mean (or critical range) for the other indicator parameters at
URA TX4TY. Exceedance of the critical -mean for field specific conductance has
triggered WMA TX-TY into groundwater quality assessment monitoring status
under 40 CFR 265. Details may be found in Section 4.13.1.2 and Caggiano and
Chou (1993).

4.13.3.3.7 Waste Management Area U. Statistical evaluation of data for
the past year at WMA U consisted of establishing background levels for the
contamination indicator parameters (except for TOX). Statistical analyses
required by 40 CFR 265.93(b) and WAC 173-303-400 were performed on the samples
collected from July 1991 to May 1992 for upgradient wells 2-W18-25 and
2-W18-31. Results are presented in Table 4.13-8. This table lists the
background average, background standard deviation, and critical mean (or
cr tical range, in thecaseof-pHAfor the contamination indicator parameters
from the upgradient wells. The critical mean (or critical range) is the value
to which future averages of quadruplicate measurements will be compared. As
indicated in Section 4.13.3.2, critical mean for TOX was not calculated
because meaningful results could not be obtained from the laboratory.

There were no exceedances of the critical mean for field specific
conductance, field pH, or TOC at WMA U. Constituents that exceeded regulatory
limits are listed in Table 4.13-10.

In ftjtuire-evaiuationsofzanalytica data obtained -from groundwater
s-ampi-es, if the average from a downgradient well for a parameter exceeds the
upgradient/downgradient comparison values in Tables 4.13-2 through 4.13-8,
that parameter is considered statistically different from background. If this
difference is confirmed by subsequent verification sampling and analysis, the
regulatory program is triggered into assessment monitoring as has happened at
WMAs T and TX-TY.

4.13.4 -Evaluation of Water Levels

4.13.4.1 Water Level Data. Water levels have been measured monthly in all
RCRA groundwater monitoring wells constructed in-all WMAs, as well as in some
older--pre-RCRA welis. Water level measurements for 1993 may be found in
quarterly reports of RCRA groundwater monitoring (Caggiano 1993b, 1993c,
1993di 1994). Data from these wells for June 1993 are plotted in
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Fiures 413-6 and4.1 -4Fwhich deoict 1Iiarger areas than individual WMAs so
that the general direction of groundwater flow can be demonstrated. Across
areas as-smal as most- WMAs, the difference-in water level- elevation is less
than 0.3 m (1 ft), and in many cases less than 0.15 m (0.5 ft)
-(Table 4.13-H)-. To-show direction of flow, data from SST wells along with
wells from other RCRA facilities have been combined into smaller scale-maps of
larger areas to illustrate the groundwater flow direction and gradient.

_- Water level-declines -between-June 1992 and June 1993 around SST WMAs are
tabulated-tn Table-4.1341 for-those wellsin whict more than 12 measurements
have been made. Water levels are measured monthly in 68 wells. Water level
data are presented in quarterly reports (Caggiano 1993b, 1993c, 1993d, 1994).
General trends of water level can be seen on the hydrographs of 200 Area wells
shown in Figures 4.13-8, 4.13-9, and 4.13-10.

From 1992 through 1993, the elevation of the water table has continued to
decline beneath the 200 Areas because of reduced discharges to cribs, unlined
trenches, and B Pond. As seen in Table 4.13-11, the decline is not
consistently the same in all wells in a WMA. Declines in the elevation of the
-water table beneath the 200 West Area are generally greater than those beneath
the_200_East Area._Variations-in liquid discharges and differences in
hydraulic conductivity may account for this head variability. Between
June 1992 and June 1993 water levels beneath WMAs in the 200 East Area have
declined about 20 to 21 cm (0.67 to 0.71 ft); water levels in the southern
part of the 200 West Area have declined between 58 and 68 cm (1.9 to 2.2 ft).
Groundwater beneath the northern part of the 200 West Area (WMAs T and TX-TY)
declined by 19 to 25 cm (0.64 to 0.83 ft).

4.13.4.1.1 200 East Area Groundwater Flow Direction. For WMAs A-AX,
B-BX-BY, and C, the controlling influence of groundwater flow is the mound in
the water table beneath the 216-B-3 Pond (hereafter referred to as the B Pond
mound). Discharges to B Pond have created this mound that has reversed the
direction of flow from a west-to-east flow, which existed before Hanford Site
operations, to an east-to-west flow across the northern part of the 200 East
Area. Along with the high transmissivity of the Hanford formation, the B Pond
mound creates a groundwater table in the 200 East Area that slopes very
gently.

- Figure 4.13-6 illustrates that a lOw saddle in the water table exists
beneath the 200 East Area that has been created by both the regional eastward
groundwater flow and the westward flow from the B Pond mound. Although
difficult to demonstrate from water table elevations, long-term groundwater
flow-paths-can be demonstrated by the migration of contaminant plumes from the
area of the PUREX Plant as well as the 216-BY Cribs in the northern part of
the 200 East Area. Groundwater flow in the unconfined aquifer from the
northern part of the 200 East Area is to the north toward Gable Mountain,
while groundwater flow in the unconfined aquifer from the southeastern part of
the 200 East Area is to the southeast. The top of the basalt (i.e., the
bottom of the unconfined aquifer in the 200 East Area) slopes to the south
along the north flank of the Cold Creek syncline, the axis of which plunges
southeast.
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Figure 4.13-6. 200 East Area Water Table Map, June 1993.
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Figure 4.13-7. 200 West Area Water Table Map, June 1993.
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Table 4.13-11. Water Level Decline Single-Shell Tank Groundwater
Monitoring Wells. (sheet 1 of 2)

6/90 - 6/91 6/91 - 6/92 6/92 - 6/93WMA Well no. aD cline (ft)a Decline (ft)8

A-AX E24-13 0.95 0.67 0.61
0.71 0.82 0.64

E25-1i 0.96 0.58 0.69
F?5-2 1.05 0.52 0.57
E25-13 0.95 0.60 0.64
E25-15 0.94 0.59 0.71
E2A-4R 0.80 0.74 0.60
Wi4 0.83 0.71 0.57

Avg. 0.90 0.62 0.63
B-BX-BY

C

S-Sx

E33-8
E33-18
E33-21
E33-24

E33-32

E33-41
E33-42
E33-43

E27-7

E27-14

W22-39
W22-44
W22-45
W2Z-46
W23-1
W23-2
W23-3

W23-7
W23-8
W23-12
1123-13
W23 -I4
W23-15

0.80
0.81
0.77
1.11
0.77
0.71
0.61

Avg. 0.80

0.66
0.79
0.80
0.64
0.79

Avg. 0.74

NA

Avg.

0.70

0.73
0.75

.3

0.75
0.80

nV.74

0.69
0.71
0.46
0.89
0.72

0.69

1.57

1.51
1.35
1.30

2.24
1.58
1.49
1.93
1.58

1.59

0.63

0.70
1.0

0.7

0.70
0.77
0.75
0.54
0.57

0.71

0.58
0.68
0.81
0.62
0.64

0.67

1.93
2.01

1.85
2.16
2.29
2.07
2.12
2.28
2.47
2.56
2.67
2.33

2.23
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Table 4.13-11. Water Level Decline Single-Shell Tank Groundwater
Monitoring Wells. (sheet 2 of 2)

WMA We' Inn 6/90 - 6/91 6/91 - 6/92 6/92 - 6/93l n. . Decline (ft)a Decline (ft)3  Decline (ft)"

T W10-3 1.72 1.45 0.76
W10-8 1.70 1.87 0.52
W10-9 1.90 --. 71l
W10-10 1.93 1.59 0.60
W10-11 1.92 1.59 0.59
W10-12 1.89 1.58 0.61
10-15 1.94 1.62 0.57

1.74 1.47 0.81
WI1-23 1.59 1.86 0.64
Wll-24 1.57 1.82 0.69
11-27 -- -- 0.69

Avg. 1.79 1.65 0.64

W110-17
WI 0- 1$
W1 4-12
W1S-3
W15-12
W15-13

WIS-3Q
W18-31
W19-12-
W19-31
W1 9-32

1.46
1.37

1.31
1.48
1.40
1.51

0.54
0.62
0.62
1.12
0.98
0.85

1.0
1.51 1.0

Avg.

NA

1.42

2.08

I .65
1.66
1.63

1.76Avg.

0.82
2.56
1.55
2.26
1.80
1.55
1.59

1.89

Notes: RCRA standard wells are shaded; upgradient wells are
underlined.

Additional wells are used for measurement of water levels, but
measurements were not always made in each well each month. Water
level measurements were not initiated until early 1993 in wells
constructed in 1992. Changes in water levels in these wells will
be reeorted next year.

Measurements are made in feet and fractions thereof and are
therefore reported in those units. To convert feet to meters,
divide by 3.28.

Data from July 1992 to June 1993- (June-data not available).
NAM = tfL dvdlilable.
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Figure 4.13-9. 200 West Area Hydrographs for Single-Shell
Tank Waste Management Areas S-SX and T.
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Figure 4.13-10. 200 West Area Hydrographs for Single-Shell
Tank Waste Management Areas TX-TY and U.
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Groundwater flow across WMA A-AX is generally from the east toward the
west-southwest. The hydraulic gradient calculated from June 1993 data is
about 0.0003. Groundwater flow across WMA C is generally toward the west.
The hydraulic gradient calculated from June 1993 water level data is about
0.0005. Groundwater flow across WMA B-BX-BY is generally toward the west to
northwest to north. True direction of groundwater flow in this area of very
low gradient- in the northerr-part- of the 200 East Area is difficult to
dAetermine accurately. The hydraulic gradient calculated from June 1993 water
level data is about 0.00006.

4.13.4.1.2 200 West Area Groundwater Flow Direction. For WMAs in the
200 es-t Areathe cntrolling influence on the direction of groundwater flow
is ihe regional west to east gradient as well as a groundwater mound, which
developed beneath the former 216-U-10 Pond (hereafter referred to as the
U Pond-mound, see Figure-4.13-7)r The U Pond received liquid effluents from
1944 to 1984 when the pond was decommissioned. Since 1984, the U Pond mound
has been declining and the crest of the groundwater mound has been shifting
eastward as a result of decay of the mou-nd as well as shifting loci of
wastewater discharge (Serkowski and Jordan 1989; Kasza 1990; Newcomer 1990;
Kasza et al. 1992). Because of lower transmissivity of the middle member of
the RingoldFarmation _(the principal-stratigraphic unit of the unconfined
aquifer in the 200 West Area), the U Pond mound was higher and resulted in a
steeperzradia~ily outwardvvgradient. than the B--Pond mound in the 200 East Area.
The U Pond mound also createda sgnificant vertical groundwater flow gradient
in the 200 West Area. Smaller groundwater mounds may have developed beneath
some cribs that received high volumes of liquid effluents in the early days of
Hanford Site operations, but the data are not adequate to decipher any such
small features. It is known that water levels around WMA U (in older carbon
steel-constructed wells 2-W19-1 and 2-W19-12) have fluctuated by about 2.4 m
(8 ft) from the late 1950's to 1984 when U Pond was decommissioned. Water
level in these two wells has declined more than 3.6 m (12 ft) since 1984.

In the southern part of the 200 West Area, the direction of groundwater
flow beneath WMA S-SX is to the southeast. With the decline and eastward
shift of the -U Pond mound, the groundwater w41 assume-a more southerly
direction of flow before eventually returning to the pre-Hanford Site
direction of west to east flow. The hydraulic gradient calculated from
June 1993 water level data is about 0.0020.

The direction of groundwater flow beneath WMA T in the northern part of
the 200 West Area is north to northeast. The gradient calculated from
June lS93-water-leve-l -data-is-t.:0003-5, dsiniificant reduction from the
0.001 gradient calculated for 1992. With the projected decline in the U Pond
mound in the next several years, groundwater flow is anticipated to return to
the original pre-Hanford Site west to east flow direction and the vertical
component of gradient is expected to decrease beneath this WMA.

The direction of groundwater flow beneath WMA TX-TY is to the
north-northeast, similar to-WMA T irmdiatly to the north. The hydraulic
gradient -ca-cul-ated-fram- ue 1--93 water-vevel-data-is 0.0017. ---With the
anticipated- further decline -of -t-he-U-Pond-mound, the direction of groundwater
flow is expected to gradually shift to the regional west to east flow.
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The direction of groundwater flow beneath WMA U in the southern part of
the 200 West Area is to the east-northeast. However, water level in planned
downgradient well 2-W19-32 has been higher than in planned upgradient
well 2-W18-25 by up to 9 cm (0.3 ft) beginning in late spring 1993. This
change may be ephemeral because of high-volume discharges to the
216-U-14 Ditch, which trends generally south-southwest and runs approximately
parallel to the east- fence line- of the 241-U Tank Farm. The high discharges
were-associated with the final-run and cleanout campaign of the U Plant. The
hydraulic gradient calculated from June 1993 water level data is about 0.0004.
Flow direction is controlled by the declining U Pond mound.

--As seen- from-Table- 4.13-11, groundwater levels beneath the 200 Areas are
on a slow steady decline. The amount of decline of water level varies with
wells and the location of the well. With the closure of chemical processing
facilities at the Hanford Site, the volume of liquid effluents is expected to
decrease; thus, artificial recharge also will decrease. Reduction of liquid
discharges is expected to result in a continued decline of water levels in SST
groundwater monitoring wells.

4.13.4.1.3 Rate of Groundwater Flow. The groundwater gradient beneath
the 200 West Area is steeper and better defined than that beneath the 200 East
Area where there is little more than a 30-cm (1-ft) difference in the
elevation of the water table between the eastern and western parts of the area
(compare Figure 4.13-6 with Figure 4.13-7). Water table gradients are given
in Table 4.13-12. The water table beneath the 200 East Area represents a
broad hydraulic low area between westward-flowing water from the B Pond mound
and-the regional eastward gradient (i.e., eastward flow from the 200 West
Area, see Figure 2-4).

Groundwater flow velocities were calculated using equation (1) and are
given in Table 4.13-13. Hydral- conductivities were calculated from
analysis of single-well slug test data which Connelly et al. (1992b) found to
be generally an order of magnitude lower than hydraulic conductivities
catlcul-ated-fronm constant -discharge tests. -Data- from aquifer tests using
constant discharge methods are not available for any SST wells; therefore,
slug test data were used. Calculations used effective porosities of
10 and 20%.

V Ki (1)
n

where:

v - Groundwater velocity
K - Hydraulic conductivity
i - Hydraulic gradient
n - Effective porosity.

4.13.4.2 Evaluation of Monitoring Well Network. Based on water levels
measured in 1992 and 1993 and on interpreted direction of groundwater flow,
the monitoring well networks for WMA A-AX, B-BX-BY, C, S-SX, T, and TX-TY
appear to comply with the requirement for placement of groundwater monitoring
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Table 4.13-12. Hydraulic Gradients at Single-Shell Tank
Waste Management Areas.

Date water Diff. in
WMA Well no. levels head (ftna Gradient

measured

A A-AX E25-2, E4-19 6/24/93 0.31 0.0005
E25-40,_E24-19 6/24/93 0.21 0.0002

B-BX-BY E33-33, E33-24 6/23/93 0.28 0.0001
E33-33, E33-32 6/23/93 0.09 0.00005

C E27-14, E27-15 6/23/93 0.37 0.0007
E27-7, E27-12 6/23/93 0.20 0.0004

S-SX W23-13, W23-2 6/24/93 1.47 0.0015
W23-14, W22-46 6/24/93 2.28 0.0025

T W10-16, W11-27 6/24/93 0.41 0.0005LY- W10-16, WIO-9 6/24/93 0.17 0.0002

TX-TY W15-22, W10-17 6/24/93 2.66 0.0017
W15-22, W10-18 6/24/93 1.93 0.0017

Ub W18-25, W19-32 6/24/93 0.41 0.00066
W8-31, Wi-30 6/24/93 .r 0.00008

-Measurements are.made infeet and fractions thereof and are
therefore reported in those units- To convert feet to metpr., divide
by 3.28.

bThe direction of groundwater flow beneath WMA U i-n June 1993 was
reversed from what it has been, i.e., water levels in planned upgradient
wells 2-W18-25 and 2-W18-31 were declining faster than in planned
downgradient wells 2-W19-32 and 2-W18-30. This reversal began in late
spring and may be temporary because of short-term high-volume discharges

--during late spring to the 216-U-14 Ditch, which is located east of the
241-U Tank Farm. These discharges were related to the final campaign and
cleanout of t-he-221-UI Plant. The changes -may also be-related to the
migration of the apex of the groundwater mound eastward beneath the
241-U-Tank-Farm-or ta-the-possible-southwestward expansion of a
groundwater mound that may be developing beneath the 284-W Powerhouse
Pond. Water levels are being monitored carefully and additional wells
monitoring the top of the unconfined aquifer in the vicinity of the

-- 241-U Tank Farm have been added to the water level network to provide more
data on this apparent change in groundwater flow direction.
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Table 4.13-13. Groundwater Flow Velocitiesa,b,c Unconfined Aquifer
Beneath Single-Shell Tank Waste Management Areas.

Well Hydrauli Hydraulic Effective Flow
WMA conductivity gradient porosity velocity

n . (m/d [ft/d]) (m/d [ft/d])
A-AX 24-1 9  33.5 (110) 0.000 .-- 0.-06 (0.19)

33.5 (110) 0.-00035 0.10 0.12 (0.38)

E25-40 21.3 (70) 0.00035 0.20 0.04 (0.12)
21.3 (70) 0.00035 0.10 0.08 (0.25)

E25--4-1 7.3 (24) 0.00035 0.20 0.01 (0.04)
S73 (24) -0.00035 0.10 0.02 (0.08)

B-BX-BY E33-33 97.5 (320) 0.000075 0.20 0.04 (0.12)
_ __ .s32a) u;uU.w7. u.u 0.07 (0.24)

E27-13

E27-14

54. '
54.8
48.7
48.7

0_100055
0.00055
0.00055
0.00055

- - E27-15- 119 (390) 0.00055 0.20 0.34 (1.1)
119 (390) 0.00055 0.10 0.64 (2.1)

c -C v - i7 . 4 --(',) -- .--- - n .2 7 (n .9 )& &3 IA!]a 2V Ik

27.4 (90) 0.002- 0.10 u.55 (1.8)
W23-14 0.43 (1.4) 0.002 0.20 0.003 (0.01)

-0.43 (1.4) 0.002 0.10 0.009 (0.03)
IT i W10-15 10.1 (33) 1 .00035 1 0.20 0.02 (0.06)

1 1 10.1 (33) 0.00035 1 0.10 0.04 (0.12)
10.1
10-.1

0.00035
0.00035

0.20
0.10

0.02
0.04

(0.06)
(0.12)

1180)
(10)
(160)
(160)

WI0-16 (33)
(33)

TX-TY W15-22 15.2 (50) 0.0017 0.20 0.13 (0.43)
I 15.2 (50) 0.0017 0.10 0.26 (0.85)

W10-18 -54.8 (180) 0.0017 0.20 0.46 (1.5)
54.8 (180) 0.0017 0.10 0.94 (3.1)

U W18-25 6.1 (20) 0.00037 0.20 0.01 (0.04)
6.1 (20) 0.00037 0.10 0.02 (0.07)

u- -- - 0;00037-2 0.07 (0.22)
36.6 (120) 0.00037 0.10 0 .13 (0.44)

tCalculated using: v = Ki/n, where K - hydraulic conductivity,
i= gradient, and n = effective porosity.

bHydraulic conductivities were calculated from results of slug tests
performed in wells indicated (Newcomer et al. 1990). Connelly et al.
(1992b) found that hydraulic conductivities determined from slug tests may
be an order of magnitude too low compared with hydraulic conductivities
calculated from constant discharge tests.

'All of these wells are completed as 4-in. wells with stainless steel
screens (0J0 or 0_2D slot) in the uppermast part of the unconfined aquifer
beneath each site. Most 200 East Area wells are completed in the Hanford
formation; most 200 West Area wells are completed in the Ringold Formation.

- Average of two values for hydraulic gradient given in Tahla 4.13-12.
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wells. The wells constructed as upgradient appear to be upgradient; wells
constructed as downgradient appear to be downgradient. The only possible
-exceptionoccurs-at WMA U-where the water level in planned downgradient
well 2-W19-32 is not declining as fast as in planned upgradient wells 2-W18-25
and 2-W18-31, and now exceeds the water level in planned upgradient wells by
up to 9 cm (0.3 ft). If this condition persists, an additional downgradient
eI1 *-411 kn nnd 4t IJMA 1.

Older carbon steel wells are present in all WMAs and serve as screening
-wells-for measurement-of water levels. - Thus, -the control of groundwater flow
direction-is better than that afforded by the minimal four RCRA standard well
network.

The Monitoring Efficiency Model (MEMO) was run for all WMAs to maximize
efficiency of the monitoring network and to expedite new well locations. The
goal in locating wells is to achieve 90% efficiency of the network using MEMO
(Wilson et al. 1992). Efficiencies were calculated for all WMAs and they are
close to or exceed the target efficiency. Detailed results of the MEMO
calculations may be found in the revised groundwater monitoring plan for the
SSTs (Caggiann And Gnndwin 1WQ1)

4.13.4.3 Monitoring Network Modifications. Gradients are very low in the
200 East Area. Continued observation will be required as discharges to B Pond
diminish and- the-B Pond-mound-dissipates to ensure that wells are properly
placed so as to be upgradient or downgradient from WMAs. With a change in
fl-w direction- anticipated as-long term,=additional wels -will be-needed-in
the 200 East Area. As water levels continue to decline, groundwater
monitoring wells may have to be replaced or remediated when the wells no
longer penetrate_ the saturated zone of the uppermost unconfined aquifer. Pump
intakes have had to be lowered in several wells in 1993 to accommodate
declining water levels. No changes to the network because of changing
groundwater flow direction or water levels are required at this time.

With dissipation of the U Pond mound, groundwater flow in the 200 West
Area will shift to a more easterly flow. As this long-term change occurs,
additional wells may be required to ensure that wells for the various WMAs in
the 200 West Area are located appropriately upgradient and downgradient and
that the wells penetrate the saturated section of the uppermost unconfined
aquifer. No changes to the networks in the 200 West Area are needed at this
time, but water levels will continue to be monitored around WMA U to see
whether the change in groundwater flow direction observed in 1993 is ephemeral
or permanent. If permanent, an additional well will be required at WMA U.
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5.0 600 AREA

F. N. Hodges
Westinghouse Hanford Company

5.1 IYDROGEOLOGY OF T14E -00 AREA

The 600 Area is essentially a "catchall" for everything not included in
other operational areas of the Hanford Site. This section discusses the
Portion of the 600-Area-southeast of thp 200 East Area (Figure 5.1-1),
henceforth referred to as the "600 Area." This portion of the 600 Area
contains -the -old Central Landfill Complex that is made up of the Solid Waste
Landfill and the Nonradioactive Dangerous Waste Landfill.

5.1.1 Geology of the 600 Area

The geology of the 600 Area is described in Delaney et al. (1991).
Details of the geology in the vicinity of the Central Landfill Complex are
available in Weekes et al. (1987) and Fruland et al. (1989).

The geology of the area southeast the 200 East Area is dominated by the
broad southeastward plunging synclinal basin between Gable Mountain and
Rattlesnake Mountain (see Figure 2-2), the deepest part of which is formed by
the Cold Creek syncline (see Section 2.1.5). The synclinal basin is filled
with Miocene to Pleistocene sediments, principally Ringold Formation and
Hanford formation, that reach a combined thickness of greater than 215 m
(700 ft) along the axis of the Cold Creek syncline. Holocene sediments,
principally aeolian deposits, form a thin veneer across the area.

The stratigraphy of the 600 Area is presented in three cross sections
(Figures 5.1-2, 5.1-3, and 5.1-4). Locations of the cross sections are shown
in Figure 5.1-1. Figures 5.1-2 and 5.1-3 are east-west cross sections that
extend across the area from near the 200 East Area to the Columbia River.
Figure 5.1-2 parallels the axis of the Cold Creek syncline and shows that the
-entire-Ringold-Sequence Is present in the area (see Section 2.1.1,
Figure 2-1). However, only a remnant of the upper Ringold is present, the
remainder-baving-been removed-by-erosiOnn. The cross section in Figure 5.1-3
indicates the presence of the May Junction Fault and the thinning of the
Ringold Formation in the 200 East Area. The May Junction Fault is a north-
south trending fault that cuts the Ringold Sequence. It is uncertain whether
or not it affects Hanford formation sediments. The Ringold units thin into
the- 200 -East--Area -where -they-- are truncated, and in--some areas, completely
removed by erosion. The upturned, truncated Ringold units-, d-irectly overlain
by Hanford formation sediments, are potentially down-dip conduits for dense
contaminants, either dense nonaqueous phase liquids (DNAPL) or dense aqueous
phase brines, to enter the Ringold aquifer.

Figure 5.1-4, a north-south cross section, illustrates several important
features: -(I the synclinal bas.inr betwAen Gable lountir _aLd lattlesnake
-Mountarn; -witte ECd--dreek--yncline- and several smaller folds, (2) the

5.1-1
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Figure 5.1-1. Map of 600 Area Showing Locations of Cross Sections
Presented in Figures 5.1-2, 5.1-3, and 5.1-4.
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Explanation

Additional Lithologic Symbols,
Includes Subordinate Lithologies

7- Clay-rich

Silt-rich

Sandy

Pebbly

Bouluery

Pedogenic Calcium Carbonate

x xx Paleosol

'4 t'4 Basalt

Grain Size Scale, Indicates
Dominant Litholoav in Interval

Boulder Gravel
Pebble/Cobble Gravel
Sand
Clay and Silt

Cemented

Tu ffs

Other Symbols

Formational Contact, ? where inferred
?-?- -= Unit Contact, ? where inferred

Abbreviations

PM
PP
UR
E
C
D
B
LM
A

Pre-Missoula gravels
Plio-Pleistocene/early Palouse interval
Upper unit, Ringold Formation
Unit E, Ringold Formation
Unit C, Ringold Formation
Unit D, Ringold Formation
Unit B, Ringold Formation
lower Mud unit, Ringold Formation
unit A, Ringold Formation
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Figure 5.1-2. Geologic Cross Section
Along Line A-A' in Figure 5.1-1
(Geology by Kevin Lindsey,
Westinghouse Geosci ences)
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Figure 5.1-3 Geologic Cross Section
Along Line B-B' in Figure 5.1-1
(Geology by Kevin Lindsey,
Westinghouse Geosciences).
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Figure 5.1-4. Geol-ogic Cross Section
Along Line C-C' in Figure 5.1-1
(Geology by Kevin Lindsey,
Westinghouse Geosciences).

C'C
North

Elevation Above
Mean Sea Level O

Feet Meters o
r200 '

0-

50-

100-

-- 100

0~
a
CO

1111

inford Fm

- -- 50

j~ -100-

0
It,

N
1~

It~'

I:
C,,-

III

50-

'100-'

Hiti

'0
N

N
It,

0,
0,

lilt
---t

50-

E
10

2 C15

AM

lilt 2
1670 ft

Vertical
100 ft Exc:iggeration

16.7X

50-

00-

III

Ca
in
N

0
It,

0

'2
~Thi~

(a
N

it,
N

a
a,
Co

I'''

50-

-r

-C -
,-v. * 0

Li
N
a
Li

C,

50-

A 2
* ll_ _

|t,

N

7 C
cyI

to -

liltii I

01 
0

50'
..--- E -

-0-

- .. _ ---

lilt - -- M

? ?--

cold Creek
Syncline

South

*
Elevation Above
Mean Sea Level
Meters Feet

. /200-

0

Hanford Fm. 150-
.? Rattlesnake

'lil 10G-
? I

A'I '50

lilt

-600

-500

-400

-300

-200

-100

0+0

-50-

-100-

-100

-200

-300

GMOSCl\122993-R

5.1-9/5.1-10

-150

100

-50

600-

500-

400-

.30-0

200-

100-

0-

- 10 0-

-200-

-300-

-0

-- 50



THIS PAGE INTENTIONALLY
LEFT BLANK



DOE/RL-93-88, REV. 0

* 41.

200 UAST AME -

* SL

\ ~

N. 405

410

**

) 410

405

405

J81' :
400 390 J8 70 360

NRDWL 55

SWL

** *

S 4010 A

*

GEOSC\12309:5-A

0 1 Mile 2 Mile

I ---
I-- 

r0

0 ' 000 2000 3000' Feet

4'N1-

5.1-13/5.1-14

Figure 5.1-5. 60T Area Water
Table Map, June 1993 (Contour Value!
are Feet Above Mean Sea Level).

Legend

* Groundwater Monitoring Well Location

,,405 - ater Table Cantour, Feet Above
Mean Sea Level]
Generafized Flo w Direction

NRDWL' Nonradioactive Dangerous Waste Landfill
SWL Solid Waste Landfill



THIS PAGE INTENTIONALLY
LEFT BLANK



DOE/RL-93-88, REV. 0

Figure- nnnap-owiny DI strbution of Estimated Values for
Hydraulic Transmissivity in the Hanford Formation Aquifer
(J-acobson and Freshley 1990) (Contour Values are ft'/day).
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groundwater elevation changes within the area (Jacobson and Freshley 1990).
This feature is significant because it allows high groundwater flow rates, low
hydraulic gradients, and apparently controls the transport of contaminants out
of the 200 East Area (see Section 5.1.4). Groundwater flow rates along the
portion of this zone immediately southeast of the 200 East Area are on the
order 0-6if - i(21 ft-d;-,-based upul- L uiiti-Lrume- transport rates.

-B-Pond, which-receives-on the order of 1 billion L/yr (2.6 million
gal/yr) of effluent from the 200 East Area, acts as a major driving force for
groundwater flow. Radial flow outward from B Pond also mobilizes contaminants
beneath the 200 East Area and controls, to some extent, the location of
contaminant plumes -witbn- the -zone of-hi-gh tra-nsmi ssivity.

Groundwater flow within the deeper suprabasalt aquifer is largely
uncharted.--There is little reason to believe that the general flow is not
from west to east, from the areas of recharge toward the Columbia River;
however, the potential effects of recharge in the 200 East Area are unknown.
Groundwater- fl-ow within t-he Rattlesnake interbed, the uppermost sedimentary
layer within the basalt sequence in this area, is from west to east
(Dresel et al. 1993).

5.1.4 Groundwater Chemistry in the 600 Area

The groundwater chemistry of the uppermost aquifer within the 600 Area is
controlled principally by three factors. The first factor is flow of
essentially uncontaminated groundwater into the area from the-west. -Second is
the introduction- of large- quantities-of-Columbia River water through various
effluent streams-(i- e;w;--B-Pond). The third factor is the introduction of
contaminants, principally tritium and nitrate, from the southeastern portion
of the 200 East Area.

The groundwater flowing into the area from recharge areas to the west
(Cold Creek and Dry Creek Valleys) is a relatively dilute calcium bicarbonate
wateir resulting from evaporation of meteoric waters and interaction (rock-
water reaction) with aquifer materials. An estimate of this "background"
groundwater composition is provided in Johnson (1993).

Columbia River water, used widely on the Hanford Site for cooling and
other purposes, has much lower dissolved solids than unaltered Hanford Site
groundwater. Its major effect is to dilute existing groundwater in the area.

The major-contaminants in the-Hanford formation aquifer in the 600 Area
are tritium and nitrate, originating in the 200 East Area. The configuration
of the tritium p-unme is- shown in Figure5-.1-7-; the nitrate-plume configuration
is shown in Figure 5.1-8. Note the correspondence between the contaminant
plumes and the zone of high transmissivity shown in Figure 5.1-6. After
passing the Central Landfill Complex the contaminant plumes tend to spread
and to separate into north and south lobes. Minor plumes of nonsorbing
radionuclides such as 1291 are also present (see Figure 2-8).

Chemistry within the Ringold portion of the suprabasalt aquifer is very
poorly-known.--Very-few chemical-data exist for this portion of the aquifer;
however,-Eddy et al. (1978) reported tritium contamination near the bottom of

5.1-16
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the Ringold Formation in well 699-31-31, located approximately 2 km (1.3 mi)
northwest of the Central Landfill Complex.
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5.2 NONRADIOACTIVE DANGEROUS WASTE LANDFILL

F. N. Hodges
Westinghouse Hanford Company

The Nonradioactive Dangerous Waste Landfill (NRDWL) is a 4-ha (10-acre)
inactive dangerous waste landfill located approximately 5.5 km (3.5 mi)
southeast of the 200 East Area (see Figure 1-1, Chapter 1.0).

5.2.1 Facility Overview

The NRDWL, part of the Central Landfill Complex, which also includes the
adjacent Solid Waste Landfill (SWL), received dangerous nonradioactive waste
from_195-to 1985. The NRDWL continued to receive asbestos waste until 1988
(DOE-RL 1990). It was agreed, as part of the Hanford Federal Facility
Agreement and Consent Order (Ecology et al. 1992), to close the NRDWL under
the appropriate Washington State dangerous waste regulations. The NRDWL is
part of operable uni t 92l-IU-3, which also includes the adjacent SWL.
A closure/postclosure plan was submitted to the Washington State Department of
Ecology (Ecology) in 1990 (DOE-RL 1990). Groundwater monitoring at the NRDWL
is controlled by the NRDWL groundwater monitoring plan (WHC 1993b).

-An indicator evaluation groundwater monitoring program was initiated at
the NRDWL in late 1986 and early 1987 under interim-status regulations
(40 CFR 265, Subpart F) as a result of an Ecology compliance order
(Ecology and EPA 1986). Site characterization and establishment of the
groundwater monitoring program are described in Weekes et al. (1987).
Quarterly sampling at the NRDWL was concluded-in the -f-ourth -quarter-of 1989
and the initial monitoring network is currently on a semiannual sampling
schedule. Two new monitoring wells completed in October 1992 (WHC 1993a) are
currently on a quarterly sampling schedule that will end in December 1993.
The groundwater monitoring- network for the NRDWL is shown in Figure 5.2-1.

The NRDWL lies above approxitately _10 m (600 ft) of suprabasalt aquifer
within the Ringold and Hanford Formations. The Hanford formation beneath the
site consists of sands and gravels, with sands predominant near the surface
and gravels dominating the deeper portions of the formation. Thin,
discontinuous silt layers as well as clastic dikes are common in the upper
part of the formation (Weekes et al. 1987). The water table occurs at a depth
of approximately 38 m (125 ft) and approximately 18 m (60 ft) of Hanford
fnrmatiolis- saturated- The- deepest wel at the 14RDWL penetrated to a depth
of 78 m (255 ft), bottoming in the top of Ringold Formation unit E. The upper
Ringold Formation contains a thin, clay silt-rith-layer thatmay be locally
confining (Weekes et al _13&7). The apneral stratigraphy of the sediments
beneath the landfill is presented in Figure 5.2-2.

5.2.2 Summary of 1993 RCRA Activities

Scheduled semiannual sampling of the monitoring network was carried out
inarch and Septemhor 1993, Well 699-25-34B, not sampled in March 1993 as

the result of a scheduling error, was sampled in April 1993. In addition,
wells 699-25-340 and 699-26-34B were sampled in December 1992 and June 1993.

5.2-1
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Figure 5.2-1. Map of the Nonradioactive Dangerous Waste Landfill
and Solid Waste Landfill Showing the Locations of

Groundwater Monitoring Wells.
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Figure 5.2-2. Generalized Stratigraphic Column for
Dangerous Waste Landfill (Weekes et al.

the Nonradioactive
1987).
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Water levels were determined in all of the monitoring wells during the
routine samplings in March, April, and September 1992. Water levels were also
measured during the quarterly samplings of wells 699-25-34D and 699-26-34D in
December 1992 and June 1993. Regular water level determinations were carried
out on a monthly schedule throughout 1993 for the older network and were
started in August 1993 for the two new wells.

The 1993 analytical results and water table elevation measurements for
the NRDWL groundwater monitoring network are reported in RCRA quarterly
reports -(DOE--RL 1993a,-__3b5_ _1933c, 1994).

Two new RCRA monitoring wells at the NRDWL were completed in October 1992
(WHC 1993a) and were sampled for the first time in December 1992. The new
wells are completed at the top of the saturated zone and complete the shallow
downgradient network for the site. The two new wells were completed with
10.7-m (35-ft) screened intervals. The longer screens were emplaced to allow
for the drop in water table elevation that will result from the shutdown of
effluent discharge in the 200 Areas.

5.2.3 Other Activities in 1993

A geophysical survey of the NRDWL was carried out using ground-
penetrating-radar and electromagnetic-induction techniques (Mitchell
et al. 1993). The results indicate considerably more irregularity in trench
boundaries than indicated in existing documentation. Several of the trenches
appear to merge laterally and four trenches merge with the J. A. Jones trench
in the adjacent SWL. In addition, the soil cover over waste seems to be less
than reported, in many areas thinning to as little as 0.6 m (2 ft).

A shallow vadose zone soil--gas- survey-was-carried out at the NRDWL and
immediately adjacent portions of the SWL (Jacques and Kerkow 1993). The study
consisted of an initial survey with field screening instruments, followed up
with a more detailed study using gas chromatography. The results of the
survey indicate tbhe widespread occurrence of acetone and several chlorinated
_hydrocarbons in the sha-ow vadose zone at the site.

The chlorinated hydrocarbons withthe-widest distribution in the shallow
vadose zone are trichloroethene (TCE) and tetrachloroethene (PCE), with PCE
being the most persistent and occurring at the highest concentrations. Other
chlorinated hydrocarbons that are more local in occurrence include
4,-i1-trichl-roetb ane ( N -TCA), carbon tetrachloride, and chloroform. The
highest concentrations of chlorinated hydrocarbons occur over the older
cheri-cal trenches near the east end of the landfill.

5:2.4 Sampling and Analysis Program

The monitoring network at the NRDWL consists of nine wells, seven
completed- in- late 1986 and early 1987,- and two- completed in 1992 (see
Figure 5.2-1; WHC 1993a). There are three upgradient wells. Two of the
upgradient wells (699-26-35A and 699-26-34A) are completed in the top of the
saturated zone, at a depth of approximately 45 m (145 ft), in the Hanford
formation. One upgradient well (699-26-35C) is completed at the top of a low

5.2-4
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permeability unit in the upper Ringold Formation, approximately 21 m (70 ft)
beneath the water table. There are six downgradient wells. Five of the
downgradient wells (699-26-33, 699-26-34B, 699-25-34A, 699-25-34B, and
699-25-340) are completed in the top of the saturated zone, at a depth of
aooroximatey45mii(i5-ft), n the Hanford formation. One downgradient well
(699-25-33A) is completed at the top of a low permeability unit in the upper
Ringold Formation, approximately 21 m (70 ft) beneath the water table.
Monitoring well descriptions are provided in Table 5.2-1.

The-NRDML-Imntoring-network ithFie exception of thetwa-new wells, is
on_ a semiannual sampling schedule as required by 40 CFR 265. The constituent

list (Table 5.24) -for analysis consists, of the contamination indicator
-parameters, the interim primary drinking water standards, and the groundwater
quality parameters. In addition, the list of analyses includes volatile
halogenated hydrocarbons and tritium. Halogenated hydrocarbons were added to
the constituent list both because of their presence at the adjacent SWL
(Section 5.3.5) and because of their potential as contaminants from waste in
the NRDWL. Tritium was added to the constituent list in 1989 as an aid in
determining groundwater flow directions and flow rates at the site. The
trittium and nitrate in groundwater at the NRDWL has a source in the 200 Areas.

5.2.5 Groundwater Chemistry

The following discussion concentrates on the contamination indicator
parameters, tritium, nitrate, and chlorinated hydrocarbons. The indicator
arameters _are required -by-Resource -Conservat ton 6nd Recovery Act ot 1976

(RCRA) regulations; nitrate and tritium, which have an upgradient source,
because of their potential role as groundwater tracers; and chlorinated
hydrocarbons because they may represent, to some extent, groundwater
contamination originating from the NRDWL.

-I-n the--fo-Ilowing discussion it should be noted that starting with the
dune -1993 sampling the analytical laboratory is reporting concentrations
between the method detection limit and the contractually required quantitation
limit (CRQL). Previously all values below the CRQL were reported as
nondetects.

52.5.1-Constituents of Concern. Field pH values in shallow downgradient
-werTs ranged from 7.3 to 7.9, with the lowest values occurring consistently in
downgradient well 699-25-34B. Values in the shallow upgradient wells ranged
from 7.5 to 7.7. pH values in the two deeper wells were virtually
indistinguishable, ranging from 7.8 to 8.1.

Fi-eldconductance values for the shallow downgradient wells ranged from
414 to 501 jmho/cm. Values for the upgradient wells ranged from 349 to
433 jmho/cm. Values for the deep upgradient well ranged from 356 to
397 gmho/cm and for the deep downgradient well from 287 to 309 Mmho/cm.

Concentrations for total organic carbon (TOC) reported during the first
part-of the year were all reported as less than the CRQL of 1,000 ppb.
Reported concentrations for data from the later part of the year range from
200 to 700 ppb. The 700-ppb value was reported with a laboratory qualifier,

5.2-5
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Table 5.2-1. Monitoring Wells Used for the Nonradioactive
Dangerous Waste Landfill.

F Well Aquifer Sampling Water Well Other
frequency levels standard networks

699-26-3 Ton nf iinconfined SA RCRA --

699-26-34Ab - Top-of unconfined -SA M -RCRA --

699-26-348 Top of unconfined _Q_ M RCRA --
99-26-35A Top of unconfined SA M RCRA SWL

699-26-35C87  Top of LPU8  SA M RCRA --

699-25-33A8 7 Top of LPUa SA M RCRA --

699-25-34A j Top of unconfined SA M RCRA --

699-25-34D
Notes:

following wel

Top of unconfined

Top of unconfined

C A M

M
RCRA
RCRA

Shading denotes upgradient wells. Superscript number
1 number denotes the year of installation.

-'Low-permeability unit in the upper Ringold Formation.
bWell previously named 699-26-34.
LPU = low permeability unit.
M = sampled or measured on a monthly basis.
Q - sampled or measured on a quarterly basis.

RCRA - well is constructed to RCRA-specified standards.
SA = sampled or measured on a semiannual basis.

SWL - Solid Waste Landfill.

Table 5.2-2. Constituent-List for the-Nonradioactive
Dangerous Waste Landfill.

5.2-6

Contamination indicator parameters

pH - Total organic carbon
Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2,4-D Endrin Methoxychlor
2,4,5-TP Silvex Fluoride Nitrate
Arsenic Gross alpha Radium
Barium Gross beta Selenium
Cadmium Lead Silver
Chromium Lindane Toxaphene
oCali form bacteria Mercury Turbidity

Site-specific parameters
Tritium Volatile chlorinated

hydrocarbons
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indicating blank contamination. Unfortunately data for the September sampling
of five wells was not received from the laboratory in time for inclusion in
this report.

Data for total organic halogen (TOX) fromthis period have not been
evalwated because of ongoing problems-with data quality. A discussion of the
TOX data is contained in Appendix A.

Nitrate and tritium in the groundwater beneath the NRDWL are elevated as
a result of plumes originating in the 200 East Area and moving to the
southeast beneath the NRDWL (see Section 5.1). Nitrate values in the shallow
monitoring wells, frUom ctWb r i992 to September 1993, ranged from 25,000 to
30,000 ppb. Nitrate values in deep upgradient well 699-26-35C ranged from
21,000 to 22,000 ppb; nitrate values in deep downgradient well 699-25-33A
ranged from 3,700 to 4,000 ppb. Groundwater nitrate concentrations have gone
through two maxima since 1987 and currently are declining (Figure 5.2-3).

From August 1991 to September 1992, tritium values in shallow monitoring
wells ranged from 189,000 to 271,000 pCi/L. Tritium concentrations in deep
upgradient well 699-26-35C ranged from 41,500 to 43,500 pCi/L; deep
downgradient well 699-25-33A concentrations ranged from <234 to 283 pCi/L.
These tritium concentrations, with the exception of values from deep
downgradient well 699-25-33A, exceed the primary groundwater standard of
20,000 pCi/L. The peak of a tritium pulse apparently has passed beneath the
site (see Section 5.3.6) and tritium concentrations currently are declining
(Figure 5.2-4).

Four chlorinated hydrocarbons have been detected in groundwater at the
NRDWL durina the period_ f-o- actober 1992 rough June 1;93. These a
111-TCA (0.8 to 2.7 ppb), TCE (0.1 to 0.6 ppb), PCE (0.1 to 1.1 ppb), and
carbon tetrachloride (03 to 0.5 ppb). The first three are believed to be
present in groundwater at the NRDWL principally as a result of vadose zone
vapor transport from the adjacent SWL; however, a-contribution from the NRDWL
cannot be ruled out. The fourth, carbon tetrachloride, may be a result of
vadose zone contamination at the NRDWL. Analytical data for volatile
halogenated hydrocarbons from the September 1993 sampling are unavailable for
this report. Distributions of chlorinated hydrocarbon concentrations along
the compliance point boundaries of the NRDWL and SWL are presented in
Section 5.3.6.

5.2.5.2 _StatisticaltEvaluation. Statistical evaluations of data for this
year at the NRDWL consisted of the required comparisons between upgradient and
downgradient wells for any indication of contamination in the groundwater
underlying the facil-i-ty.--Statisticai methods are described in -Appendix C.
Statistical analyses required by 40 CFR 265.93(b) and WAC 173-303-400 were
prformed on background samples collected from November 1987 to July 1988; the
results are presented in Table 5.2-3. This table lists the background
average, background standard deviation, and critical mean (or critical range,
in the case of pH) for the four contamination indicator parameters from the
upgradient wells. The critical mean (or critical range) is the value to which
current and future averages of quadruplicate measurements are compared. For
the NOUNW, the calcullated c-riti-aaniq ~e forxoHzis no 'hroa- that Ziti
meaningless. An alternative range for upgradient/downgradient comparisons was
calculated by using upgradient data collected from November 1987 to June 1992.

5.2-7
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Figure 5.2-3. Time Series Plot of Nitrate Concentrations (ppb)
in Shallow Monitoring Wells at the NRDWL.
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Table 5.2-3. Critical Means Table for 28 Comparisons--Background
Contamination Indicator Parameter Data for the

Nonradioactive Dangerous Waste Landfill.a,b

I I Upgradient/
Constituent n df t Average Standard Critical mean downgradient

(unit) c background deviation comparison
value

Specific 8 7 5.7282 335.31 80.088 821.9 821.9
conductance
(gmho/cm)

Field pH 7 6 7.2227 7.546 0.685 [2.26, 12.84] [5.16, 9. 87 ]d

Total _ 7 5.7282 424.65 89,98 971.3 971.3
organic
carbonc
(ppb)

Total 8 7 5.7282 5.15 1.83 16.3 NC
organic
halogen-

8Data collected from November 1987 to July 1988 for upgradient
wells 6-26-34A and 6-26-35A. Critical means calculated based on
28 comparisons.

bThe following notations are used in this table:
df = degrees of freedom (n-1)
n - number of background replicate averages
t- = Bonferroni critical t-value for appropriate df and

28 comparisons.
CCritical mean were calculated from values reported below the

contractually required quantitation limits.
Upgradient/downgradient comparison values for pH were calculated using

data collected from November 1987 to June 1992 (wells 6-26-34A and 6-25-35A)
because the critical range calculated using only four quarters of data is too
large to be meaningful.

INK = not calculated.

5.2-9
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If the average constituent concentration for a downgradient well exceeds
the upgradient/downgradient comparison value listed in Table 5.2-3, that
parameter is considered statistically different from hnLnrgnd. If this is
confirmed by subsequent verification sampling and analysis, the regulatory
program is triggered into assessment. The-critical mean for TOX is presented
here for information only.- It will not be used for this year's comparisons
because of unsatisfactory audit findings (see Appendix A).

The data from the upgradient wells that were used to compute critical
means came from a different daboratory- than recent data. The comparability of
recent indicator parameter data with historical data was evaluated to assess
impacts of the change of-analytical laboratory and the time gap observed
between sampling events (DOE-RL 1992). The recent values of pH and TOC were
all comparable to -hi-storical data-. The TOX data were not compared.

Values for field pH, specific conductance, and TOC were all below the
critical mean for the sampling period. TOX data were not evaluated because of
laboratory problems.

5.2.6 Groundwater Flow

In addition to water table levels determined at the time of groundwater
sampling,-regular-measurements-were made for all wells on a monthly schedule
during 1993. The discussions of water table elevations, groundwater flow
directions, and groundwater flow velocities are based on the regular monthly
measurements. The 1993 wa level measurements for the NRDWL monitoring
network were reported in RCRA quarterly reports.

- 'The N!RDWtis In a zane-of very -high hydraulic transmissivity (see
Section 5.1) and as a result there is a very low hydraulic qradient across the
site- -A map of the water table in the- vicinity-of the site, based on
June 1993 data, is presented in Figure 5.2-5. This map illustrates the low
hydraulic gradients in the vicinity of the NRDWL.

The-water-table-in the-vicinity of-the NRDWL has dropped approximately
1.3 m (4 ft) since December 1988, apparently as a result of decreased water
input to B Pond. This decrease in water table elevation is illustrated in

-Figure- 5-.2-6, -which- are -hydrographs of the monthly water level measurements at
NRDWL wells. This plot also illustrates a problem with water level
measurements at the NRDWL that has developed over the past year. The reason
for the large amount of scatter in the recent water level measurements is
-unknown, -but is under investigation.

-5.2.6.1 -Groundwater Flow-Directions. Hydraulic-gradients -across the NRDWL
are on the order of 0.0001, yielding water level differences across the site
---- t a-re Wei- eriwe-pr tf---s-rvcyi-rg-asid meaument-error. --En past
years it has been possible to make estimates of average groundwater flow
directions on the basis of water level measurements; however, the large
scatter in groundwater elevation data makes this impossible for 1993 data.

Jr 2-
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Ftgure 3.2-S. Water Table Map (Potentiometric Surface) for the Vicinity
of the Nonradioactive Dangerous Waste Landfill Based on June 1993

Water Level Measurements. (Datum is Mean Sea Level).
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Figure 5.2-6. Hydrographs of Monthly Water Level Measurements (Feet Above
ean Sea Level) at the Nonradioactive Dangerous Waste Landfill.
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Groundwater flow directions, previously calculated from regular water
level measurements for wells 699-26-35A, 699-36-33, and 699-25-34B have
provided relatively consistent average -ftow direction, 62± 100 east of north
(DOE-RL 1994), 65 + 200 east of north (DOE-RL 1991), and 67 to 900 east of
north (Weekes- et-al. 1987). These value are in poor agreement with the
groundwater flow direction of approximately 1250 east of north indicated by
the nitrate and tritium plumes that pass through the area (DOE-RL 1991) and
regional water table maps. The difference in flow directions indicated by the
two techniques may indicate well survey problems; however, a resurvey by
Kaiser Engineers Hanford in 1991 resulted in no significant change in well
elevations.

5.2.6.2 Rate of Flow. The rate of groundwater flow beneath the NRDWL is
highly uncertain. The aquifer beneath the NRDWL is characterized by high
hydraulict~ransissi.it.ies and conductivities and very low gradients. On the
basis of site-specific aquifer testinq and the observed hydraulic gradients,
the expected groundwater velocities should be on the order of 1.2 to 1.8 m/d
(4 to 6 ft/d) (Weekes et al. 1987). However, more direct velocity indicators
indicate a range of much higher values.

Transport velocities in the 200 East Area, indicated by contaminant
transport within the Hanford formation, indicate groundwater flow velocities
from 3 to 4.3 m/d (10 to 14 ft/d) (Wilber et al. 1983). Tracer tests in the
area southeast of the 200 East Area indicated groundwater velocities in excess
of 30 m/d (100 ft/d); however, they occurred at higher hydraulic gradients
-L~r 'Xs' today (Risrschgnk lqsq').

Tracking of the present tritium and nitrate plumes from wells several
miles upgradient from well 699-24-33, which is located approximately 150 m
(500 ft) east of the SWL, indicates contaminant transport rates in excess of
6 m/d (20 ft/d). In addition, the recent decrease in nitrate and tritium
concentrations is indistinguishable in quarterly sampling of upgradient and
downgradient wells (see Section 5.3), indicating that the time required for
the contaminants to traverse the site is less than 3 months. This traverse
time indicates groundwater transport rates greater than 5.5 m/d (18 ft/d).
The actual transport rate is probably controlled by zones of very high
groundwater velocity within the Hanford formation that are missed or averaged
out in--normal aquifer testlly.

5.2.6.3 Evaluation of Monitoring Well Network. The uncertainty in
groundwater -flow direct-i-ons beneath- the--NP-DW -mak-es evaluation of the
monitoring network more difficult. If the groundwater flows in a southeast
direction, as indicated by the nitrate and tritium plumes, the boundary
between the NRDWL and SWL should be part of the compliance point. If the
groundwater flows in a east-northeast direction, as indicated by the water
level data, the northern boundary of the site should be part of the compliance
point. The two new monitoring wells along the north and south boundaries of
the NRDWL solve this problem and provide MEMO model (Jackson et al. 1991)
efficiencies between 96 and 99%, dependinq on qroundwater flow directions.
The current shallow monitoring network is adequate; however, deep
characterization and monitoring, as called for in the NRDWL groundwater
monitoring plan (WHC 1993b), is still needed to fully characterize the aquifer
beneath the site.
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5.3 SOLID WASTE LANDFILL

F. N. Hodges

The Solid Waste Landfill (SWL) is a disposal facility whose current
activities are covered under Washington Administrative Code (WAC) 173-304,
"Minimum Functional Standards for Solid Waste Handling." The SWL is not a
Resource Conservation and Recovery Act of 1976 (RCRA) site and is included
here for completeness. A permit application for operation of the site under
WAC 173-304 was submitted to the-Benton-Franklin Health Department in- 1-991
(DOE-RL 1991a). Responsibility for the site has subsequently been assumed
by the Washington State Department of Ecology (Ecology) and a revised permit
application was submitted to Ecology in 1993 (DOE-RL 1993b).

5.3.1 Facility Overview

The SWL is a 27-ha (66-acre) landfill facility located approximately
5-6 k 4(3.5_mi)_southeast-ofthe 200-East Area (see Figure 1-1, Chapter 1.0).
The SWL, along with the adjacent Nonradioactive Dangerous Waste Landfill
(NRDWL), are parts -of the old Central Landfill Complex; however, the two
facilities are now considered separately under different regulations. The SWL
has been in operation since 1972 and has received principally solid waste
including paper waste, construction debris, asbestos waste, and lunchroom
waste. In addition to the solid waste, an estimated 3,800,000 to 5,700,000 L
(1 to 1.5 Mgal) of sewage waste were disposed of in trenches along the east
and west sides of the landfill between 1975 and 1987, and approximately
380,000 L (100,000 gal) of Hanford Site bus-garage washwater was disposed of
in three short trenches along the west side of the site between 1985 and 1987.
The--present groundwater monitori-ng program was- i-n-itiated in 1987 (Fruland
et al. 1989). Current groundwater monitoring of the landfill fall under
WAC 173-304 and WHC (1993). The geology and hydrology of the area are
described in Section 5.1 and Figure 5.2-2.

5.3.2 Summary of 1993 GroundwaterMonitoring Activities

- Quarterly--saffpling- of the-groundwater-monitoring-network was carried out
in December 1992 and March, July, and September 1993. Water level
measurements were made in conjunction with the scheduled sampling. In
addition, water-level-measurements-were carried out on a monthly basis
throughout the year.

5.3.3 Other Activities in 1993

A survey of shallow vadose zone gases at the adjacent NRDWL extended into
the northern portion of the SWL (Jacques and Kerkow 1993). This study
confirmed the higher concentrations of carbon dioxide (C02) in the vadose zone
beneath the SWL. In addition, vadose sampling probes for methane were
emplaced along the boundaries of the SWL.

5.3-1
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5.3.4 Sampling and Analysis Program

The monitoring network at the SWL consists of two upgradient and five
downgradient, compliance-point wells (Figure 5.3-1). The monitoring wells are
-RCRA ompliant-with-stainles-s- steel casings and screens. The wells were
completed at depths of approximately 44 m (145 ft) with screened intervals of
4.6 m (15 ft). The screens were set at 3 m (10 ft) below the watr table
XFruland- et-a1. 1989). The w] ]s-are a] 1 equipped- with HydroStar numns.

In addition, NRDWL upgradient well 699-26-35A is being monitored as an
upgradient well for the SWL; an older non-RCRA well (699-24-33), located
approximately 150 m (500 ft) east of the SWL, is sampled for indication of
trends in groundwater chemistryind historical continuity. A description of
+ahe IN mnitoring wells is provided in Table 5.3-1.

The SWL is on a quarterly sampling program as required by WAC 173-304.
The constituent list for analysis (Table 5.3-2) consists of the constituents
and parameters required -by WAC- 17334-4901, vol atile chlorinated hydrocarbons,
tritium, and other constituents to aid in interpretation of groundwater
chemistry.

5.3.5--Groundwater Chemistry

This section discusses the constituents required by WAC 173-304;
chlorinated hydrocarbons, which are site-specific constituents; and tritium,
which is monitored to provide information on groundwater flow direction and
flow rate. Total organic halogen (TOX), which is a site-specific constituent,
is not discussed because of laboratory problems with the data (see
Appendixv A).

In the following discussion it should be noted that, starting with
the July 1993 sampling, the analytical laboratory is reporting concentrations
between the -method deteetion- l1mit--IMDt)- and the contractually required
quantitati-on limit (CRQLy; -prev-iously all values below the CRQL were reported

5.3.5.1 Constituents of Concern. Available analytical results for
groundwater sampling events from October 1992 through September 1993 are
presented in Appendix 5.3A. A summary of results for all required monitoring
parameters is provided in Table 5.3-3. Results for chlorinated hydrocarbons
are presented in Table 5.3-4, This section discusses the concentration ranges
of co4-stituents. - Interpretations--are-provided-- in -Secti-on- 5.3.5.2.

5.3.5.1.1 Temperature. Average values for replicate temperature
determinations measured during sampling, range from 17.4 to 19.8 *C (63 to
68 *F). There is a tendency for the higher temperatures to occur at the north

-i-th9 s-i-te, nIad -te - I LFe --triLtium and nitrate plumes.

1HydroStar is a registered trademark of Instruments Northwest, Inc.

5.3-2
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Figure 5.3-1. Map of the Solid Waste Landfill Showing the
Locations of Groundwater Monitoring Wells.
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Table 5.3-1. Monitoring Wells Used for the Solid Waste Landfill.

Well Aquifer Sampling Water Well Other
frequency levels standard networks

699-23-3-4 j Top of unconfined Q M RCRA --

699-4-33 lon of unconf e M PRE PNL
699-24-35 7  Top of unconfined Q M RCRA --

699-24-34A Top of unconfined -Q M RCRA-I)-11 11 1__ _ _ RCRA___ _ __ _

699-24-34B7

699-24-34C"7

Top of unconfined

Top of unconfined

ci
ci

M

M

RCRA

RCRA

699-25-34C 7  Top of unconfined !- - - RCRA -

699-26-35A ,Top of unconfined 1 Q M RCRA NRDWL

Notes: Shading denotes upgradient wells. Superscript following well
number denotes the year of installation.

M N frequency on a monthly basis.
NRDWL - Nonradioactive Dangerous Waste Landfill.

PNL - well is sampled by Pacific Northwest Laboratory site-wide
monitoring program.

PRE - well was constructed before RCRA-specified standards.
Q - frequency on a quarterly basis.

RCRA - well is constructed to RCRA-specified standards.
9- well is sampled for supporting data.

Table 5.3-2. Constituents Analyzed at the Solid Waste Landfill.

Parameters and constituents required by WAC 173-304-490

Ammonia as nitrogen Dissolved zinc Temperature
Chemical oxygen demand Nitrate Total coliform
Chloride Nitrite Total organic
Conductivity pH carbon
Dissolved iron Sulfate

Site-speci-fic constituents

1,1,1-Trichloroethane Total organic halogen Trichloroethylene

Others

Tritium

5.3-4
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Table 5.3-3. 1992 and 1993 Sampling Results for
Solid Waste Landfill. (sheet 1 of 2)

109 <200
'---<200

<2-00

<100
<100-

60

the

-onstit-ent Ti - -24-34A -24-34 -24-34C 24-35 -- 25-34C --26-3ZA

Temperature 21.0 Dec/92 17.8 17.8 17.6 18.4 17.4 19.4 19.8
(,C) Mar/93 18.4 18.5 18.8 18.2 18.0 18.8 19.6

July/93 18.5 18.8 18.7 19.1 18.2 19.7 19.4
- Sept/93 19.2 17.9 18.5 18.1 18.1 19.8 19.1

Specific 550 Dec/92 616' 647E 655' 751E 521 515 422
conductance Mar/93 608' 530' 574t 670' 509 508 411
(pMo/cm) July/93 651' 598' 674' 768 569E 525 428

- - Sept/9. 1 596' 608' 699' 491 544 430

Field pH [6.2, Dec/92 6.9 6.9 7.1 7.0 7.2 7.3 7.6
8.46] Mar/93 6.6 6.7 6.8 6.8 7.0 7.3 7.5

July/93 6.7 6.7 6.8 7.1 7.4 7.1 7.5
Sept/93 6.6 6.9 7.0 7.2 7.3 7.3 7.7

- TotaL - - -O -- Dec/92 -<1,000 <1,000 <1,000 <1,000 <1,000 <1,000 <1,000
organic - Mar/93 --- '1,000- O -<%0nn el < A, <1,000 00 <,0 <1,000
carbon July/93 275 <200 300 325 325 <200 <200
(ppb) sept/93 <200 <200 300 325 300 275 525

ChLoride 9,045 Dec/92 7,100 7,300 7,500 7,800 6,900 7,100 6,800
--- ppU)- - -Mar/93 --7,000 - -7,200 - -7,400- 7,400 - - -6,600 - -7,100 - --6,700

July/93 7,000 7,200 7,200 7,600 6,600 7,300 6,900
_ Sept/93 NA NA 7,000 7,400 6,400 6,800 6,700

Nitrate 33,800 Dec/92 14,000 16,000 21,000 29,000 13,000 31,000 30,000
- ppb) ---- - -- Aar/93- 13-,000- 15,000- 20,000- -- 28;000 13,500 30,000 29,000

July/93 13.000 16,000 17,000 27,000 13,000 29,000 28,000
Sept/93 NA NA 17,000" 25,000" 12,000" 26,000" 26,000"

4- - -- 4 - - -- -4
<200

<83 <38.3 <3: 3. 3.

<100
'100
'38.3

70

Sulfate 51,500 Dec/921 48,000 48,000 47,000 44,000 48,000 45,000 41,000
4ppb) Mar/93 46,000 45,000 45,000 43,000 47,000 45,000 40,000

-July/93 48,000 49,000 41,000 43,000 46,000 48,000 40,000
Sept/93 NA NA 46,000" 43,000" 45,000" 39,000" 39,000"

Iron, 78 Dec/92 <20 70 40 60 40 <20 <20
filtered Mar/93 110' 36 35 50 20 <20 20

(ppb) July/93 53 68 50 44 42 40 <10.3
Sept/93 110' 70 35 67 31 61 <10.3

Zinc, 34 Dec/92 '10 <10 <10 20 <10 <10 <10
filtered Mar/93 '10 '10 <10 <10 <10 <10 <10

(ppb) July/93 '3.44 '3.34 '3.44 15 8.0 <3.44 <3.44
Sept/93 <3.44 <3.44 3.70 18 <3.44 5.0 8.7

5.3-5

<200

'200-
-NA -

<100
<100

60

<200
200

<38.1-
<38.3

<100
-<101)

18.1
70

<200

<38.3
<38.3
<10-.0

<100

4 0
90

<200
g200
<200

<38.3

<100
000

38.5
40

<200
4200
<200
<38.3

100
<000

50
70
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Table 5.3-3.
Solid

1992 and 1993
Waste Landfill

Sampling Resul
. (sheet 2 of

Chemical
oxygen
demand
Ippt)

Cotiform
bacteria

(mpn)

3

16

Constituent T ' Date 23-34 24-34A 1 24-348 24-34C J 24-35 25-34C 26-35A

Manganese, 11 Dec/92 <10 <10 <10 <10 <10 <10 <10
filtered Mar/93 <10 <10 <10 <10 <10 <10 <10
(ppb) July/93 <1.35 <11.35 1.80 1.80 <1.35 <1.35 <1.35

Sept/93 <1.35 <1.35 1.90 3.50 1.40 2.30 <1.35

Dec/92
Mar/93
JuLy/93
Sept/93

Dec/92
Mar/93
Juty/93
Sept/93

Numbers -are obtained from-Table 5.3-6 -(Background threshold value
column).

EExceeding background threshold values.
NLaboratory nonconformance report was iccited. These replicate

averages were excluded frnm statistical evaluation.
< data values are less than the contractually required

quantitation limit (CRQL). The number given is the respective CRQL.
NA = not available.

--Ti-a tolerance interval (se Section -326.3).

Table 5.3-4.
Groundwater

Ranges of Concentrations (ppb) of
at the Solid Waste Landfill from

Chlorinated Hydrocarbons in
October 1992 to July 1993.

-- A' -24-34A -24-34- -- -24-34c 25-34C - 24-35 26-35A

-2327  16-18 - 9.4-11 8.0-11 3.4-4.1 2.9-4.2 1.2-1.4

Trichtorotthene -- 3.0-3.4 2.3-2.6 1.6-2.0 1.2-2.0 .75-1.2 <1.0-0.23 <1.0-0.19

Tetrachtoroethene 2.7 -5.9 3.4-5.6 3.2-5.5 3.6-5.3 1.0-1.4 0.77-1.2 <0.5-0.33

1,1-Dichoroe t hane 3.2 -3.7 2.1-2.6 1.6-2.0 1.6-2.3 <1.0-0.35 <1.0-0.34 <0.34-<1.0

Chloroform <0.5-0.25 <0.5-0.14 :0.5-0.1 0.5-0.07 <0.5-0.1 <0.5-0.04 <0.5-0.05

Carbon tetrachloride - 1.0--0.12 1.0-<O 12 - 1-.0-<0, 12 - 0.1--0.-12 -040-.M4 -<1.0,<0.12 <1.0-0.27

1,1,2-TrichLoroethane <0.5-<0.04 <0.5-<0.04 <0.5-<0.04 <0.5-<0.04 0.5-<0.04 <0.5-<0.04 <0.5-<0.04

1,2-Dichtoroethane <0.5-0.14 <0.5-0.63 <(.5-<0.14 <0.5-<0.14 <0.5-<0.14 <0.5-<0.14 <0.5-<0.14

Cis-1,2-Dichloroethene <1.0-<0.13 <1.0-0.17 <1.0-<0.13 <1.0-<0.13 <1.0-<0.13 <1.0-<0.13 <1.0-<0.13

Trans-Dichioroethene <1.0-<0.15 <1.0-<0.15 <1.0-<0.15 <1.0-<0.15 <1.0-<0.15 <1.0-<0.15 <1.0-<0.15

'Alt well numbers prefixed by 699-.

5.3-6

ts for
2)

the

43
<3
MA
<3

<1
01

<3
<3
MA
<3

<1
<1
<1
<1

x3
<3
NA
<3

<1

<3
<3
NA
<3

<1
<1
<1
<1

<3
<3
NA
<3

<1
<1

<3
<3
MA
<3

<1
<1

<3
<3
NA
<3

<1
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5.3.5.1.2 Conductivity. Average values for replicate conductivity
measurements carried out during sampling range from 411 to 751 pmho/cm. One
replicate average, for monitoring well 699-24-34C collected in December 1992,
exceeds the Ecology Secondary Standard for Public Water Supplies (WAC 248-54)
of 700 umho/cm. The background threshold value of 550 gmho/cm was exceeded
for all samples from downgradient wells 699-23-34, 699-24-34A, 699-24-34B,
and 699-24-34C.

5.3.5.1.3 pH. Average values for replicate pH measurements made at the
time of sampling range from 6.7 to 7.7. None of the pH measurements exceed
the background threshold range of 6.2 to 8.46. As in the past, the lower
values tend to occur in the southernmost downgradient monitoring wells.

5.3.5.1.4 Chloride. Chloride concentrations in the groundwater
monitoring wells range from 6,400 to 7,800 ppb during the reporting period.
None of the chloride concentrations exceed the background threshold
concentration of 9,045 ppb.

5.3.5.1.5 Nitrate. Nitrate concentrations in the groundwater monitoring
wells at the SWL have ranged from 13,000 to 31,000 ppb during the reporting
period. None of the reported nitrate concentrations exceed the background
threshold concentration of 33,800 ppb or the Ecology groundwater protection
standard (WAC 173-200) of 45,000 ppb. The distribution of nitrate is very
similar to that of tritium (see below) and is believed to have a similar
source,-which is-waste disposal in the 200 Areas. A pakV of nitrate
concentrations apparently has passed beneath the site and nitrate
concentrations a-Fe Cu-en tly declining.

5.3,5.1.6 Nitrite. All nitrite analytical results are reported as below
the CRQL of 200 ppb or the MDL of 38.3 ppb for the reporting period.

5.3.5.1.7 Ammonium. All ammonium ion analytical results are at or are
below 100 ppb for the reporting period. Most results were reported as less
than either the CRQL of 100 ppb or the MDL of 38.3 ppb. However, several
values were reported between the CROL and MDL. Of these reported values the
nignest_4100 and_90_ppb)_were reported for upgradient wells 699-24-35 and
699-26-35A, respectively.

5.3.5.1.8 Sulfate. Reported sulfate concentrations ranged from
39,000 to 49,000 ppb during the reporting period. None of the reported
sulfate concentrations exceeded the background threshold concentration of
51,000 ppb.

5.3.5.1.9 Dissolved Iron. Reported values for filtered iron show a high
degree of variability, ranging from <10.3 to 110 ppb during the reporting
period. Reported filtered iron concentrations exceeded the background
threshold value of 78 ppb in well 699-23-34 during the reporting period.

5.3.5.1.10 Dissolved Manganese. Most filtered manganese results are
reported as either below the CRQL of 10 ppb or below the MDL of 1.35 ppb for
-the report-iTng -peri-od-.--A- few values above the MDL were reported, the highest
being a concentration-of-3.5-ppb in well 699-24-34C.

5.3-7
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$.3.l..i1 iDissolved Zinc. Reported values for filtered zinc ranged
from <3.44 to 20 ppb for the reporting period. The highest reported filtered
zinc concentration occurred in monitoring well 699-24-34C where three values
fell in the 15- to 20-ppb range during the reporting period.

5.-3.5.-.2-Chmica--Oxygen Demand. Reported values for chemical oxygen
demand -Cow are al-1 below the CRIL-and background threshold concentration of
3 ppm fnr the reporting period.

5.3.5.1.13 Total Organic Carbon. Total organic carbon (TOC)
concentrattons reported for December 1992 and March 1993 are below the CRQL of
1,000 ppb. TOC concentrations reported for July and September 1993 ranged
from beow the MDL of 200-to 525 ppb. The-value of 525ppb is for upgradient
well 699-26-35A and was reported with a laboratory flag, indicating blank
contamination.

5.3.5.1.14 Total Coliform. All reported values for total coliform for
this reporting period are below the CRQL of 1 colony/100 mL.

5.3.5.1.15 Total Organic Halogen. TOX values for the reporting period
-are considered suspect because of the resultsof a laboratory audit (see

AppendiA A) and will not be considered further in this report.

-5.3.5.1.16 Chlorinated Hydrocarbons. A number of chlorinated
hydrocarbons have been detected at the SWL in low concentrations. These

- -- --- crlde- **i,1t-rtr'roro-etharv ti i-TCA)-; -tr i -iL I-.r.en -tCE

tetrachloroethene (PCE), 1,1 -dichloroethane (il-DCA), and chloroform. Several
of these constituents occur in low concentrations in the upgradient wells;

--however,- the highest concentrations -consistently occur i-n the southernmost
downgradient well (699-23-34).

Analysis of one sample, taken from well 699-24-34C in December 1991,
indicated the presence of carbon tetrachloride (4.0 ppb),
1,1,2-trichloroethane (0.5 ppb), 1,2-dichloroethane (0.5 ppb),
cis-i,2-dichloroethene (1.3 ppb), and trans-dichloroethene (1.7 ppb). These
compounds have not been found in previous or subsequent analyses and it is
uncertain whether they are representative of groundwater composition or
analytical variation.

The range of reported concentrations in downgradient wells at the SWL has
-not-changed significantly since the first detection of chlorinated hydrocarbon
at the site. The range of reported concentrations of chlorinated hydrocarbons
at the SWL during this reporting period are given in Table 5.3-4. Reported
concentrations for groundwater samples exceed Ecology groundwater protection
standards (WAC 173-200) for TCE (3 ppb), PCE (0.8 ppb), and 11-DCA (1 ppb).

5.3.5.1.17 Tritium. Tritium was added to the SWL constituent list in
1989 as an aid in determining groundwater flow directions and flow rates at
the SWL. Tritium concentrations in groundwater monitoring wells at the SWL
have ranged from 19,300 to 265,000 pCi/L during the reporting period and are
currently decreasing. The tritium concentrations in all SWL monitoring wells

5.3-8
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have been above the Washington State and U.S. Environmental Protection Agency
primary drinking water standard (40 Code of Federal Regulations [CFR] 141) of
20,000 pCi/L during the current reporting period. Tritium concentrations
dropped below 20,-OQ pCi/L in- upgradient well 699-24-35 and downgradient
well 699-23-34A in September 1993.

5.3.5.2 Interpretation of Groundwater Chemistry. Downgradient wells at the
SWL have higher specific conductance, alkalinity, total carbon, and cation
concentrations than upgradient wells. As indicated in DOE-RL (1991a, 1991b,
1992, and 1993a), it is believed that this is a result of high vadose
concentrations of C02 beneath the SWL. High vadose zone concentrations of C02
are indicated by the vadose zone gas surveys of Evans et al. (1989) and
Jacques and Kerkow (1993). Solution of CO2 in groundwater produces carbonic
acid (HCO.). Carbonic acid lowers groundwater pH, making it more reactive
with aquifer materials. Reaction with aquifer materials, principally
hydrolysis of silicates, results in the dissolution of cations with a
resultant increase in groundwater pH. The aquifer materials in effect act as
a-pH buffer. The dissolution of C0 2 is indicated by concentrations of
inorganic carbon (total carbon minus TOC) which are 30 to 40% higher in
downgradient-wells-than in upgradient wells. At the ambient groundwater pH
almost all of this inorganic carbon will exist in the form of the bicarbonate
ion (HC03 ).

A number of chlorinated hydrocarbons have been detected in groundwater
at the SWL, the most important being 111-TCA, PCE, TCE, and 11-DCA (see
Table 5.3-4). 111-TCE occurs at the highest concentrations (Figure 5.3-2);
however, it is far below the groundwater protection standard (GPS) of
WAC 173-200 (200 ppb). PCE occurs in the 1- to 6-ppb range (Figure 5.3-3),
above the GPS of-Q08-ppb in all downgradient wells and in one measurement for
upgradient well 699-24-35. TCE occurs in the 1- to 4-ppb range (Figure 5.3-4)
and is above the GPS (3 ppb) for well 699-23-34A at the southern end of the
downgradient network. 11-DCA occurs in the 1- to 4-ppb range (Figure 5.3-5)
and is above the GPS (1 ppb) in the four southernmost downgradient wells.

The southernmost monitoring wells at-the landfill have had the highest
concentrations-of chlor-inated hydrocarbons since the initiation of sampling in
1988. The concentrations generally increase from north to south along the
line o-f downgradient--wells, indircting that the highest rnncentrations occur
somewhere south of a line connecting upgradient well 699-24-35 and
downgradient well 699-23-34A. How far south of this line the peak
concentrations occur and how high these concentrations may be is unknown.

The most likely cause of the widespread contamination with chlorinated
-hydrocarbons -at theS;t -inluding -upgradient wll-s -and -the adjacent NRDWL, is
the dissolution of vadose zone vapors into groundwater. However, the source
of the vadose zone vapors is somewhat uncertain. The source could be
chlorinated hydrocarbons trapped within the vadose zone or dense nonaqueous
phase liquids within the aquifer. The apparent location of the highest
concentrations near the south end of the landfill may indicate that the source
is migrating southward (downdip) either within the vadose zone or the aquifer.
The source of the chlorinated hydrocarbons beneath the SWL is highly
uncertain.
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Figure 5.3-2. Plot of 1,1,1-Trichloroethane Concentrations (ppb) in
Downgradient Wells at the SWL and NRDWL from April 1990 to July 1993.
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Figure 5.3-3. Plot of Tetrachloroethene (PCE) Concentrations (ppb) in
_Downgradient Wells at the SWL and NRDWL from April 1990 to July 1993.
(GPS indicates the Groundwater Protection Standard of WAC 173-200.)
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Figure 5.3-4. Plot of Trichloroethene (TCE) Concentrations (ppb) in
Downgradient Wells at the SWL and NRDWL from April 1990 to July 1993.
(GPS indicates the Groundwater Protection Standard of WAC 173-200.)
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figure-53 -5.-Plot of 1,1-Dichloroethane (li-OCA) Concentrations (ppb) in
Downgradient Wells at the SWL and NRDWL from April 1990 to July 1993.
(GPS indicates the Groundwater Protection Standard of WAC 173-200.)
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The major concentration axes of the 200 East Area nitrate and tritium
plumes pass directly beneath the SWL as indicated in Section 5.1. Tritium and
nitrate concentrations in well699-24-33, located approximately 150 m (500 ft)
east (downgradient) of the SWL, are decreasing (Figure 5.3-6), indicating that
a maximum in the plumes has passed beneath the SWL. This decrease in tritium
concentrations is confirmed by reported concentrations in SWL monitoring
wells. However, it also appears that the concentration axis of the tritium
plume is shifting northward as it decreases (Figure 5.3-7), possibly as a
result of decreasing effluent input to B Pond. Nitrate concentrations beneath
the SWL exhibit a pattern similar to that of tritium and are currently
decreasingq.

5-.3.5.3 --Statistical Evaluation.---Statistical evaluation of data for this year
at the SWL consisted of the required comparisons between- upgradient and
downgradient wells for determining whether a significant change over
background has occurred for constituents specified in WAC 173-304-490.
WAC 173-304 does not require replicate analyses. Thus, the tolerance interval
method, suitable for individual sample comparisons, was chosen because of the
lack of replicated analyses for most of the constituents of concern.
Statistical evaluations are described as follow.

Calculation of background summary statistics--Summary statistics were
calculated--using background samples for-the -site (see -DOE-RL 1993a,
Appendix D, Table D10.1). The results are presented in Table 5.3-5. Some of
the background data are below the contractual detection limits required of the
U.S. Testing Company or below the CRQL. In cases where measured values are
available (e.g.,-most of the TOC values), these values were used in
calculating the summary statistics. In cases where the proportion of
nondetects is between 15 and 50%, less-than values were replaced by half of
their contractual detection limits and/or CRQL, and the usual calculations
were performed (e.g., filtered iron). -In-cases--where the proportion of
nondetects is greater than 50%, summary statistics are not calculated
(e.g., nitrite, ammonium, filtered zinc, filtered manganese, coliform,
and COD).

Testing the assumption of normality of data--The tolerance interval
defines a concentration range (from background well data) that contains at
least a specified proportion (coverage) of the -population with a specified
probabil-ity (confi-dence -evel). There are two types of tolerance intervals:
parametric and nonparametric. Parametric tolerance interval techniques are
sensitive to the assumption that the data are drawn from a normal population.
The statistical tests used for evaluating whether or not the data follow a
specified distribution are called goodness-of-fit tests. The Lilliefors test
is used to evaluate the fit of a hypothesized normal or lognormal
distrihiitin. Test procedures are described by Conover (1980).
STATGRAPHICS' (Version 4.2) was used to calculate the Lilliefors test
statistics. If the data are not normal, the Lilliefors test was applied to
the logarithm (natural-lgarithm) of the data to see if the transformed data
are approximately normal. This is equivalent to testing the hypothesis that

1STATGRAPHICS is a trademark of Statistical Graphics Corporation.
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Figure 5.3-6. Time Series Plot of Tritium (pCi/L) and Nitrate (ppb)
Concentrations in Downgradient Well 699-24-33.
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Figure 5.3-7. Plot of Tritium Concentrations (pCi/L) in Downgradient
Monitoring Wells for the SWL and NRDWL. (All Well Numbers Along
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Table 5.3-5. Summary Statistics for the Background Monitoring Constituent
Parameter Data for the Solid Waste Landfill.

-contituant n -- _GT LT Mean_ - Median Std. CV I Min. Max.
- - Dev.

Teaperature' 22 22 0 18.7 18.8 1.00 5.4 16 20.4

Specific 1 38 38 0 385.3 397 68.9 17.9 206 550
condc tance

Field pH 38 38 0 7.23 7.29 0.62 8.5 5.4 8.45
Field pH__ 36 36 0 7.33 7.31 0,46 6.3 6.08 8.45

TOC'" 38 0 38 421.6 468 142.9 33.9 32 750

Chloride 36 36 0 7,341 7,280 798.4 10.9 6,000 8,660

-- m-Ifrat. - - 36 _Q_ _ 25,929 27,775 5,1392 19.8 16,000 33,800

Nitrite 24 0 24 BDL SOL NC NC SOL BDL

Aoniu 24 4 20 j OL SOL NC NC BOL 100

Sulfate

ron"_,_
filtered

fltered

36

29

29

36

16

14

0

13

15

44,169

33.3

BOL

46,000

28

OL

4,695.0

19.3

NC

10.6

58.0

NC

34,000

DL

80L

51,500

78

34

Manganese, 29 1 28 SOL SOL NC NC AOL 11
filtered

Coliforr 29 2 27 SOL BOL NC NC BOL 16
bacteria

lChmi-caL -_ i - 0 _-_a L - G N -- NC - -SL - L
oxygen - - - - -
demiand

aMeasuring un
caliform bacteria-
- - Inconsistent

it for temperature is *C; conductivity is pmho/cm;
is coloniesf100--mt-;--ail cenica---comporrents- are in
pH-values-of 5.4 and 5.5 were excluded.

ppb.

CIndicates that statistics were calculated from-values reported belo
contractualIly required detection limit (CROL) (see Appendix B, Table BlO.
and its footnotes).

dLess than detection values were replaced-by one-half of the CRDL in
the calculation of summary statistics.

BDL = below CRDL.
CV = coefficient of variation.
GT = number of samples that are greater than the CRQL.
LT- Aumber of samles that are less than the CRQL,
n = total number of samples.

NC - not calculated because of insufficient measured values.

w
1
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the concentration measurements follow a lognormal distribution. If the
proportion of nondetects is more than 15%, a goodness-of-fit test is not
performed and a nonparametric tolerance interval will be calculated to the
extent possible.

Results of the Lilliefors test are presented in Table 5.3-6.
Temperature, field pH,--and chloride concentration-measurements from background
wells are approximately normally distributed. Specific conductance, TOC,
itrate, and sulfat#econcentat-on are rie-ther normal nor lognarmal.

Establishing background levels--Tolerance intervals are constructed from
tis data on background we'S- -Both-the upper and lower bounds of the interval
(two-sided) were calculated for field pi. For other constituents of concern
only the upper bounds of the intervals (one-sided) were calculated.

If a normal (or a lognormal) distribution is a reasonable approximation
of the background concentrations, a parametric tolerance interval of the
following form is calculated:

T.I. = ±KS, (two-sided) or T.I = Xb + KSb (one-sided) (1)

where:

Xb = Background mean
K = A normal tolerance factor, which depends on the number of background

samples (n), coverage (P%), and confidence level (Y). A coverage of
95% and confidence level of 95% are recommended (EPA 1989). With
n = 16, P = 95%,-and Y = 95%, K is 2.523 (K is 2.566, if n = 15) for
-a one-sided norMal tolerance interval 'Natrella 1966)

S= Backoround standard deviation,

-If baCkoround concentrations do not follow a normal or a lognormal
distribation, a noinaraeticolerance Anterval can be construrtPd
(Conover 1980)-. A two-sided nonparametric tolerance interval is just the
range of the observed data. An upper one-sided nonparametric tolerance limit
is the largest observation. The number of background samples determines the
coverage (P%) and the -probabili-ty level ('1) associated with that proportion.
Fne - ,-c idad -95d (P = 95%)--noparaietri-c tolerance intervai with 95%
(Y =-95%) probability, the number of background samples required is 59
(Conover 1980). With only 15 background samples (nitrate, filtered iron, and
filtered-zinc), the coverage is-85% -and -the-confidence -evel is-90%.- -That is,
the-upper one-stded tolerancrlimit dafined-by the-largest background
concentration contains at least 85% of the background population with 90%
probability. More background samples are needed if a larger coverage and/or a
larger probability level are desired.
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Table 5.3-6. Results of Lilliefors Test for Normality and
Threshold Values for the Solid Waste Landfill.

Constituent
(unit)

Test
statistic
(raw data)

Test
statistic

(log value)

Upper
tolerance

limit

Background

Background
threshold
value'

Temperature 0.115 n.s. NA 21.0b 21.0
(*C)

Specific 0.162 s. 0.207 s. 550c 550
conductance
(umho/cm)

Field pH 0.140 n.s. NA [5.7, 8.75t [6.2, 8.46]
Field pH' 0.089 n.s. NA [6.2,8.46]
Total organic 0.191 s. 0.181 s. 750c 800
carbon (oob) .ood

Chloride (ppb) 0.104 n.s. NA 9 ,045b 9,045

Nitrate (ppb) 0.168 s - 0.195-s. - n,OwV 33,800

-Nitrite (ppb) NC NC 109 109

Ammonium- (ppb) NC NC IOu 100
54 d

Sulfate (ppb) 0.179 s. 0.190 s. 51,500c 51,500

iron, filtered NC NC 78c 78
(ppb) 54. 

Zinc, filtered NC NC 34c 34
(ppb) 21.2'

Manganese, NC NC 11", 11
filtered (ppb) 6.2"

Coliform (mpn) NC NC 16e 16
le

Chemical oxygen NC NC 3e 3
demand

'Background threshold value for each constituent is the larger of the
upper tolerance limit or the applicable limit of quantitation (LOQ).

Dnca . nn nnrmnl tiicri ii on.
Maximum value reported; for pH range reported.
'Based on LOQ (see Appendix A).
Based on contractual rauired detection ltrtt 4&ee Table 1.1-5 and

its footnotes).
NA = not applicable.
NC = not calculated because of insufficient measured values.

n.s. = not significant at 0.05 level of significance.
s. = significant at 0.05 level of significance.
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In cases where all of the background values are below the contractually
established detection limits or where the proportion of nondetects is more
than 15%, a limit of quantitation (LOQ) was also calculated from the
U.S. Testing Company laboratory blanks data (see Appendix A). Following the
guidance in the RCRA Ground Water Monitoring Technical Enforcement Guidance
Document (TEGD) (EPA 1986) ,t was decided that for cases where the calculated
upper-tolerance limit-is below theLOQ, the _LOQ will-be used-as thebackground
threshold value (i.e., comparison value) between background and downgradient
wells. This approach makes use of laboratory quality control data to target
the limits of quantifiable data and provides a realistic approach for
upgradient/downgradient well comparisons when a facility upgradient well
yields values that are below the detection limit. In cases where LOQ is not
available (e.g., coliform and COD), the CRQLs were used as the background
threshold values. Note that a narrower range for pH, after removing
inconsistent pH values, is used as the comparison value. The resulting
tolerance limits, LOQs, and background threshold values are also presented in
Table 5-3-6.

Comparisons with background levels--Once the background threshold values
are established, data from compliance-point wells were compared individually
with these background concentration levels. If the background levels are
exceeded, it is interpreted as providing evidence of statistically significant
contamination.

The sampling results from 1993 were compared to the background levels
established-earlier. The results are presented in Table 5.3-4 and discussed
in Section 5.3.5.2. Values for specific conductance exceed the background
level in downgradient wells 699-23-34, 699-24-34A, 699-24-34B, and 699-24-34C
for all samplings during this reporting period. This pattern of exceedances
is simi-ar to-th-se otservd-in-1990,--1991, and 1992, and is discussed in the
1990 RCRA groundwater monitoring annual report (DOE-RL 1991b). In addition,
the background threshold was exceeded for filtered iron in downgradient
monitorinq well 699-23-34A for the March and September 1993 samplings.

5.3.6 Groundwater Flow

Water table elevations were determined at the time of groundwater
sampling; monthly water level measurements were made for all SWL wells during
1992. The discussions of water table elevations, groundwater flow directions,
and groundwater fl-ow veloci-ties are based-on the -monthly measurements. The
1992 water level measurements for the SWL monitoring network are listed in
Appendix 5.38.

5-3.6.1 Groundwater Flow Direction. The SWL lies in a zone of very high
transmissivities (Section 5.1) and, as a result, there is a very low hydraulic
gradient across the site. A map of the water table in the vicinity of the
site, based on June 1993 data, is presented in Figure 5.3-8. This map
i1lustratesthe-low-hydraulic gradients in the vicinity of the SWL. The-zone
of high tr-ansmiss-ii-tie-s, which includes the SWL, extends to the northwest
beneath the southeast corner of the 200 East Area. Groundwater flows into
this zone from the B Pond mound to the north, and from the U Pond mound to the
west. The-principal-effect-is-apparently-the input-to B Pond, which has a
strong affect on the water tabl-e elevation in the vicinity of the SWL.
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Figure 5.3-8. Water Table Map (Potentiometric Surface) for
of the Solid Waste Landfill Based on June 1993 Water

Measurements. (Datum is Mean Sea Level).
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The water table in the vicinity of the SWL has dropped more than 1.3 m
(>4 ft) since December 1988, apparently as a result of decreased water input
to B-Pnd. This decrease in the water table is illustrated in Figure 5.3-9,
which are hydrographs-showing-monthly-water-1evel measurements in SWL wells.
These hydrographs indicate the low hydraulic gradient across the SWL.

Groundwater flow directions beneath the SWL are indicated by both the
wator aeye-! measurements and by the paths-of nitrate and tritium flUmCS that
originate in the 200 East Area and pass beneath the SWL. The nitrate and
tritium plumes in 1990 indicated that the principal direction of groundwater
flow beneath the SWL was approximately 1250 east of north (DOE-RL 1991b), a
value confirmed by current groundwater chemistry data. The difference in

-water table -elevation-across-the-site-is-commoy on the order of 1 cm
(0.03 ft), well within the error expected from well surveying and water table
elevation measurements. However, flow directions based on water table
-elevations agree to some extent with t-he flow direct -ion -indicated by the
plumes. Previous determinations using water level measurements yield flow
directions ranging from 107 ± 36* east of north to 139 + 150 east of north
(DOE-RL 1991b, 1992). Flow direction estimates from 1993 water level data,
using two sets of wells and weeding out apparent fliers, are 132 + 250 east of
north (n-8) -and 96 + 280 east of north (n=10). The flow directions indicated
by the contaminant plumes are probably the more accurate and the true
groundwater flow direction is approximately 1250 east of north.

5.3.6.2 Rate of Flow. The rate of groundwater flow beneath the SWL is
highly uncertain. The aquifer beneath the SWL is characterized by high
transmissivities and very low gradients. On the basis of site-specific
aquifer-testi-ng and the observed- hydraulic- gradients, the expected groundwater
velocities should be on the order of 1.2 to 1.8 m/d (4 to 6 ft/d) (Weekes
et al. 1987). However, more direct velocity indicators indicate a range of
much higher values. Transport velocities in the 200 East Area, indicated by
contaminant transport within the Hanford formation, indicate groundwater flow
velocities between 3 and 4.3 m/d (10 to 14 ft/d) (Wilber et al. 1983). Tracer

-tests in the area suthast of the 200 East Area indicated groundwater
velocities in excess of 30 m/d (100 ft/d); however, they occurred at higher
hydraulic gradients than exist today (Bierschenk 1959). Tracking of the
present tritium and nitrate plumes from wells several miles upgradient from
well 699-24-33, east of the SWL, indicates contaminant transport rates in
excess of 6 m/d (20 ft/d). In addition, the recent decrease in nitrate and
tritium concentrations is indistinguishable in quarterly sampling of
upgradient and downgradient wells (Figure 5.3-10), indicating that the time
required for the contaminants to traverse the site is less than 3 months.
This traverse time indicates groundwater transport rates greater than 5.5 m/d
(18 ft/d). The actual transport rate is probably near 6 m/d (20 ft/d) and is
controlled by zones of very high groundwater velocity within the Hanford
formation that are-missed or averaged out in normal aquifer testing.

5.3.6.3 Evaluation of Monitoring Well Network. The present groundwater flow
direction at the SWL is oblique to the site boundary. As a result the
-souther- portion-of the compliance point is not adequately covered by the
present rnonl-t-ori-ng -network-.- Two new downgradient wells are planned for fiscal
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Figure 5.3-9. Hydrograph Showing Monthly Water Level Measurements
(Feet Above Mean Sea Level) for the Solid Waste Landfill.
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Figure 5.3-10. Time Series Plots o
Upgradient-Downgradient Well
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year 1993 to complete the compliance-point monitoring network at the SWL. The
justification and descriptions of the proposed new wells, which raise the MEMO
(Jackson et al. 1991) monitoring efficiency from 68 to 94%, is presented in
WHC (1993).
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APPENDIX 5.3A

CHEMICAL ANALYTICAL DATA

5.3A.1 DATA TABLES

Four different formats are--used--t-o display water level measurements and
groundwater sample analytical results. This section describes the meaning of
each table column heading, defines the abbreviations used, explains the data
qualifiers and- flags, -and lists analysis-method codes-and -relevant regulatory
standards.

A new hazardous chemical laboratory contract became effective for samples
received on or after April 26, 1993. The new contract contains some changes
to the contractually required quantitation limits (CRQL) and a change in how
results below-theCRQL-are reported.__In the old contract, analytical results
below- the -CRQL--wer--nported wi-tb- the CRQL -value followed by a U qualifier.
In the new contract, results below the CRQL but above the method detection
limit (MDL) are reported with-the measured value followed by an L qualifier.
-Res"lts beloh-the _DL are=reported wiTh the Dlt vAue follwnd hy A
U qualifier. This document may contain data processed through both the old
and the new contracts and therefore may-contain data reported by both methods.
The sample collect date is a good indicator of which contract was in place
because samples are typically collected no more than I day before they are
received by the laboratory. Note that all CRQL values shown in the data
tables are-the-new contract-values, even if some of the data were processed
under the old contract.

5.3A.i.1 Water Level Measurement Report

The Water Level Measuremrent.-Rpnnrt ha! four columns as follows:

* Well--Well in which measurement was made.

* Date--Date of measurement.

* -Depth-to water--Depth, in feet, from -well-casing referencepoint
to top of water in well.

ed-ater-level--levation in-feet above-mean -sea-level, of water
level computed by subtracting depth to water from casing reference
elevation.

Wells are grouped according to the zone that they monitor beginning with
the top of the unconfined aquifer and continuing downward to the confined

.33A- 1
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Only measurements made during the reporting quarter are included in the
tables. In addition to measurements made during sampling, which are marked
with an asterisk (*), measurements are routinely performed at other times to
permit collection of data for an entire network within a 1- or 2-day time
period.

----- Data that are judged to be suspect by the project scientist are flagged
with--'+'-in -the--table. Before data are-designated as suspect, checks are
conducted to determine if a transcription error occurred between the field
sheet and the electronic database.

5.3A.i.2 Constituent List and Suunary of Results

The Constituent List and Summary of Results table (Summary table) is the
irst of three- tables that present-the resultsof groundwater sample analyses.

The Summary table displays statistics based on the complete data set for the
reporting period. The complete data set consists of all analysis results
reauested-by the project that arrived atWestinghouseHanfardCompany-between
the cutoff date for the previous quarterly report and the cutoff date for the
current-quarterly--report ,-and-are-associated-with -samples-collected-before-the
end of the current reporting quarter. Therefore, data collected during
previous quarters may appear in this document if the laboratory did not report
the data until the current reporting period.

The fields in the Summary table are as follows:

Constituent name--Name of the analyzed constituent being summarized;
-- the-Short-name-is-an abbreviation-used-in the Constituents with at

Least One Value Above the CRQL table (Section 5.3A.1.3); the
Method), when present, is a code (Sectton 5.IA.1.5) used to
distinguish between different analytical methods for the same
constituent.

Un-i-t-s--Units in which the CRQL and drinking water standards (DWS)
are-reported -in this table.

* Laboratory CROL--CRQL imposed on the laboratory. This field is
blank fer radionucl Ides where the CRQL--i-s-defi-ned-as -the-value of
the total error reported by the laboratory for each result.

Drinking water standard- limit/agency--The OWS used for comparison to
the reported results; see Section 5.3A.1.5 for Agency definitions
and a complete listing of standards used.

* Number of samoles--Total is the number of sample results from all
wells in the project contained in the complete data set for that
constituent; >CROL is the number of results that exceed the CRQL;
>DWS is-the number of eIsults that exceed the listed DWS.

Summari-zed constituents are grouped as Contamination Indicator Parameters
CIP), Drinking Water Parameters, Groundwater Quality Parameters, and Site-

Specific and Other Constituents. Within groups, rows are ordered
alphabetically by the full constituent name.
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Several constituents have CRQLs that exceed the DWS. In such cases,
exceedance of the DWS cannot be determined if the constituent is not detected,
so an asterisk-(*) is placed in the Nnq fiUteld.

5.3A.1.3 Constituents with at Least One Value Above the CRQL

The Constituents with at Least One Value Above the CRQL table (Above
CRQL table) is a subset of the complete data set. Only constituents that were
detected above the CRQL in at least one sample collected for the project
during the current reporting period are reported in the Above CRQL table.

The first three column headings are as follows:

" Well name--Well from which sample was collected.

" Collection date--Date sample was collected.

* Sample number--Unique number assigned to a well sample.

The remaining columns contain analytical results and qualifiers for the
constituent. The structure of the column header is as follows.

Constituent short name
Method code/reporting units
CRQL/DWS (suffix).

The Summary table (Section 5.3A.1.2) shows the relationship between the
full constituent name and the short name. The analytical method code is
defined in Table 5.3A-1. Abbreviations used for reporting units are listed in
Section_5,3A,1.5. _On-the third line, a period appears in place of the CRQL or
DWS if a value does not exist. The one-letter suffix that may be added to the
DWS identifies the regulation associated with the standard and is described in
Section 5.3A.1.5.

-Analysis results are-displayed with two digits to the right of the
decimal point. This is a consequence of the generating software and does not
reflect the accuracy of the results. The laboratories normally report the
-resulL witn hLree significant digits. Radionuclide values may be negative
because the laboratory subtracts a background reading from the measured
result. The letter, or group of letters, that may follow the result are data
qualifiers and flags. A complete explanation of what each flag means is
provided in Section 5.3A.1.5.

5.3A.1.4 Contamination Indicator Parameters

--The- C-iPtable has -a format similar to the Above CKUL table
(Section 5.3A.i.3)_but includes only datalfor pH,_ speciftc conductance, total
organic- carbon, and total organic halogen. All results for these parameters,
whether above CRQL or not, are listed in the CIP table. The analysis method
code is not part of the column header in this report.
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Table S.3A-1. Analysis Method Code
Definitions.

Method code Method naie
16 SW-846 8240'
17 SW-846 80890'

19 SW-846 8270

25 SW-846 8010/020'
29 SW-846 r140'
30 SW-846 B4W
34 SW-846 6010'
36 ASTM D-13856
40 SW-846 7421'

4' SW-846 747W'
42 SW-846 7841'

43 SW-846 7060'
48 SW-846 7740'
49 U-A4A A1qn'
51 SW-846 828
52 ASTM D-1067-A
54 ASTM D-1426-o
56 SW-846 9010
62 In-house ion chromatography
63 SW-846 9030'
65 Standard Methods #209B'
67 SW-846 9020'
69 SW-846 9131'
73 ASTM 0-1125-A
93 Field probe, pH
94 Field probe, condtivity
122 SW-846 9060'
124 ASTM D-4327-88
125 ASTM D-1293
126 Standard Methods #214A'
127 ASTM D-2579-A
130 EPA Method 300.Od
135 SW-846 9310, Alpha'
136 SI-846 9310, Bets'
137 SW-846 93_15. Radiha
139 ITAS 1-129 Low Level
140 ITAS Gamna scan

141 ITAS Sr-90
142 ITAS H-3
143 ITAS Tc-99
144 SW-044 9132'
145 ITAS Gross U
146 ITAS Isotopic Pu

147 ITAS Am-241
148 ITAS Isotopic U

168 USEPA HACH COD*
357 EPA 600, 310.2

'(EPA 1986).
(ASTM 1991).
'(EPA 1979).
4(APHA 1989).
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5.3A.1.5 Codes and Abbreviations

Abbreviations--The abbreviations used in the data tables are as follows:

COL coliform colonies per 100 milliliters
CRQL contractually required quantitation limit
DWS drinking water standard
ft feet
msl mean sea level
NTU nephelometric turbidity unit
pCi/L picocuries per liter
P06 Parts per 1411ion
ppm parts per million
pmho micromhos per centimeter.

Agencies and suffixes--Agency codes and DWS suffixes identify the
regulatory origin of the standard of the DWS. Agency codes are used in the
Summary table, and DWS suffixes are used in the Above CRQL and CIP tables.
The codes are defined as follows:

Agency Suffix Regulatory basis

EPA None Maximum contaminant levels in 40 Code of Federal
Regulations (CFR) 141-- "National Primary -Drinking Water
Regulations;" not including subsequent changes made
through the Federal Register.

EPAS s Secondary maximum contaminant levels in 40 CFR 143,
"National Secondary Drinking Water Regulations."

Data qualifiers and flags--Data qualifiers and flags-used in-theAbove
CRQL and CIP tables are assigned by the laboratory and by the Westinghouse
Hanford Company-Quality Control (QC) team, respectively. Qualifiers reflect
conditions occurring in the laboratory relating to the analytical procedure.
Flags-serve-a-wider-function-of-alerting the data user to the limitations of
the reported value. Qualifiers and flags can be app&nded to each other to
form a string of letters when several factors apply to a result. The
qualifiers and flags used are as follows:

Laboratory qualifiers:

B - Blank associated with analyte is contaminated
D - Analyzed sample is diluted
E - Concentration is out of instrument calibration range
J - Concentration is estimated
L - Concentration is below the CRQL but Anic the MDL
U - Concentration is below the indicated value.
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nr 11lags:

D - Result associated with a documented laboratory nonconformance
H - Laboratory holding time exceeded
P - Potential problem; see text associated with table
Q - Result associated with suspect QC data
F Suspect data currently under review
+ - Suspect water level data currently under review
*--CRQt- Is-greater than OWS, -so exce'edaAe 1 2s is undetermined.

Analysis method codes--Analysis method codes are used as an abbreviation
for the laboratory method used to perform an analysis. A complete listing of
the analysis method codes used in the Summary and Above CRQL tables is shown
in Table 5.3A-1.

DWSs--DWSs are used in all of the chemistry tables to provide a standard
with which to compare sample results.

5.3A.2 REFERENCES

40 CFR 141, "National Primary Drinking Water Regulations," Code of Federal
Regulations, as amended.

40 CFRJ143, *National Secondary Drinking Water Regulations," Code of Federal
Pemlatinnc ac ampnded

APHA, -1989,--Standard Methods for Eva luat ion of Water -and Wastewater, 17th ed.,
American Public Health Association, Washington, D.C.

ASTM, 1991, Annual Book of ASTM Standards, Vol. 11.01, Water and Environmental
Technology, Philadelphia, Pennsylvania.

EPA; 1979, Methods for Chemical Analysis of Water and Waste, EPA-600/4-79-020,
U.S. Environmental Protection Agency, Cincinnati, Ohio.

EPA, 1986, Test Methods for Evaluating Solid Waste, SW-846, Third Edition,
-A!.S. nuironmental Protection Agency, Washington, D.C.
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Constituent List and Summary of Results for the Solid Waste Landfill Data for
Reporting Period October 1, 1992 through September 30,

CONTAMINATION INDICATOR PARAMETERS

1993. (sheet 1 of 2)

Short (Method)

CONDUCT
CONDUCT-
TOC
TCLDL
PH
PH

94
73

Constituent Name
Full

Conductivity, field

TotaL Organic Carbon
Total Organic Halogen

pH, field
pH, lab

93
125

Units

pmho
pitaho
ppb
ppb

Lab DWS
CRQL Limit Agency

1

1000
10
.16.5-8.5 EPAS

6.5-8.5 EPAS

Muber of SaWles
Total >CRL >DWS

120 120
40 40
128 0
125 66
120 120 0
40 40 0

DRINKING WATER PARAMETERS

Constituent Name
Short (Method) Full Units

Lab DWS
CROL Limit Agency

Number of Sanpies
Total >CROL >OwS

Barium, filtered
Cadnium, filtered

Chromiun, filtered
Coliforms
Fluoride

Gross alpha
Gross beta

Nitrate
Silver, -filtered

Turbidity

GROUNDWATER QUALITY PARAMETERS

Constituent Nam__--
Short (Method) Full Units

CLItRI0 -- Choridieppb
FIRO Iron, filtered ppb
FMANGAN Manganese, filtered ppb
FSODIUM Sodi um, filtered ppb
SULFATE _ _ SuLfate ppb

Lab DWS
CROL Limit Agency

200 250000 EPAS
20 300 EPAS
10 50 EPAS

300
- 500__250000 EPAS

Number of Samples
Total >CRL >WS

28 28 0
32 25 0
32 0 0
32 32
28--- 28 0

SITE SPECIFIC AND OTHER CONSTITUENTS

Constituent Name
Short (Method) Full

1,1,1-T 1,1,1-Trichoroethane
1,1,2-T 1,1,2-Trichloroethane
1,1-Til - 1--ichioroethane
1,2-DIC 1,2-Dichloroethane

ALKALIN 357 Alkalinity
AWALI*- 5 - -- Alkalinity
FALEUIN ALuminuat
AMMONIU 129 Amonium ion
AMMONIU 54 Ammonium ion
FANTIO Antimony, filtered
BENZENE Benzene
FBERYLL Berytlium, filtered
SRONIDE- Bromide
FCALCIU - - - - Calcium, fiiterWd
TETRANE - Carbon tetrachloride

Units

ppb

ppb

p
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb

5.3A-7

Lab
CRQL

.5

.5

-5
2
50

200
100
100
200

2
3

500
100

1

DWS
Limit Agency

Number of Samples
Total 'CRL >DWS

24
24
-24
24
Z4
5
24
16
9
25
32
24
32
28
32
24

20
0

14
1

5
24
0
0
1
1
0
0
0
32
0

FBARIUM
FCADMIU
FCHRCMI
COLIFORM
FLUORID
ALPHA
BETA
NITRATE
-FSILVER--
TURBID

ppb
ppb
ppb
COL
ppb6

pCi/L
pCi/L
ppb
ppb
BTU

20
10
20

100
4
8

200
20
.1

1000
10
50
1

4000
15
50

45000
so
1

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

32
32
32
33
28
32
32
28
32
31

32
0
0
0
28
24
32
28
0
30

0
0
0
0
0
0
0
0
0

13



DOE/RL-93-88, REV. 0

Constituent List and Summary of Results for the Solid Waste Landfill
Reporting-Period October 1, 1992 through September 30,

SITE SPECIFIC AND OTHER CONSTITUENTS

1993.
Data for

(sheet 2 of 2)

Constituent Name
(Method) Full _

168 Chemical Oxygen Demand
356 Chemical Oxygen Demand

Chloroform
Cobalt, filtered
Copper, filtered

Ethybenzene
Magnesium, filtered
Methylene chloride

Nickel, filtered
Nitrite

Phosphate
Potassium, filtered
Temperature, field
Tetrachloroethene

Tin, filtered
Toluene

Total Carbon
TrichLoroethene

Tr it iun
Vanadium, filtered

Vinyl chloride
Xylenes (total)
Zinc, filtered

cis-1,2-Dichloroethytene
trans-1,2-Dichloroethylene

units

ppt
ppb
ppb
ppb
ppb
ppb
ppb
ppbpPb
ppb

ppb

DegC
pFpb
ppb
ppb
ppb
ppb
pCi/IL
ppb
ppb
ppb
ppb
ppb
ppb

Lab OWS Number of Samples
CRQL Limit Agency Total >CRQL >DWS

3 17 0
3 9 0

.5 100 EPA 24 0 0
20 32 0
20 1000 EPAS 32 0 0
1 - 24 0

100 32 32
5-- 24 0

30 32 0
200 28 0
400 28 0
300 32 32

.1 53 53

.5 24 22
100 32 0

2 24 0
2000 32 32

1 24 16
500 20000 EPA 32 32 29

30 32 0
2 2 EPA 24 0 0
5 24 0

10 32 4
1 24 0
1 16 0

5.3A-8
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COD
COD
CHLFORM
FCOBALT
FCOPPER
ETHBENZ
FMAGNES
METHYCmH
-F-ICKEL
NITRITE
PHOSPHA
FPOTASS
TMP_C
PERCENE
FTI
1-LUtNt-
TC
TRICENE
TRITIUM
FVANADI
VINYIDE
XYLENE
FZINC
CIS12DE--
TO NDCE
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Wet t
Name

699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-24-33
699-24-33
699-24-33
699-24-33
699-24-34A
699-24-34A
69924-34A
699-24-34A
699-24-34A
699-24-348
699-24-348
699-24-348 -
699-24-34
699-24-34C
699-24-34C
699-24-35
699-24-35
699-24-35
699-24-35
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-26-35A
699-26-35A

CotLection
Date

12/17192
3/23/93
7/02/93
9/29/93
12/17/92
3/23/93
7/02/93
9/29/93
12/18/92
3/23/93
7/02/93
9/30/93
9/30/93
12/18/92
3/23/93
7-0793

12/18/92
3/24/93
7/07/93
12/18/92
3/24/93
3/24/93
7/07/93
12/17/92
3/24/93
7/01/93
9/16/93
12/17/92
7/01/93

Collection Sample
Date Number

12/17/92
12/17/92
3/2393
3/23/93
7/02/93
7/02/93
- 129 93

12/17/92
12/17/92
3//23n
3/23/93
7/02/93
7/02/93
9/29/93

12/18/92
12,18/92
3/23/93
3/23/93
7/02/93
7/02/93
9/30/93

807Z1
607S25
808855
808859
B08P70
B08P74

B07S26
807T00
808660
B08B64
B08P75
B08P79
B09725
B07T01
807TO9
808865
808869
B08P80
B08P84
809734

Value Above the CRQL for the Solid Waste Landfill
October 1, 1992 through September 30, 1993.
(sheet 1 of 8)

1,1,1-T
25/ppb

.5/.

23.00 ---

27.00
26.00

7.90
7.20
6.60

18.00
16.00
16.00

11.00
10.00
9.40 -

S11.00
.50 UF

8.00
4.20

.50 U

.50 U
2.90
4.10
.50 UF

3.40

SampLe
Number

908655
B08P70
B09716
B07SZ6
808B60
B08P75
809721
B07T01
608665
8O8P80
809726
809727
B07T11
B08670

BaOP85- -

807116
B08876
B08P90
B07T21
808B81
608882
B08P95
B07T26
808891
808P90
809751
807731
B08PBS

ALKALIN
52/ppm

50/.

270.00

280.00

290.00

260.00

?(n -00

270.00

250.00

250.00

260.00

1,1-01C
25/ppb

1/.
2-- - --- -

3.70
3.60

1.30
1.10
.89 L

2.60
2.30
2.10

2.00
1.70
1.60
2.30
2.30
1.60
1.00
1.00
1.00

.34
1.00
1.00
.35

1.00 U
.34 U

AMMON IU
54/ppb
100/.

100.00 U

100.00 U

40.00 L

100.00 U

100.00 U

40.00 L

100.00 U

100.00 U

50.00 L

1,2-D IC
25/ppb

.5/.

.. U

.50 U

.14 U

.50 U

.50 U

.14 U

.50 U

.50 U

.63

.50
.50
.14
.50
.50
.14
.50
.50
.50
.14
.50
.50
.14

.50 U

.14 U

FANTIMO
34/ppb
200/.

200.00 U

200.00 U

69.40 u
69.40 U

900.00

200.00 U

69.40 U
69.40 U

2uv.vv U

200.00 U

69.40 U
69.40 U

ALKALIN
357/ppm

50/.

280.00 B

280.00 B

270.00 8
270.00 B

220.00 8

FBARIUM
34/ppb

20/1000

90.00

92.00

91.00
97.00

70.00

70.00

70.00
79.00

70.00

72.00

73.00
79.00

5.3A-9

Constituents with at Least One
Data for Reporting Period

1.40
1.40

Welt
Name

699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-23-34A--
699-24-33
699-24-33
699-24-33-
699-24-33
699-24-33
699-24-33
699-24-33
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
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Constituents with atLeast Dne ValutAbnve_ tbeCRQL forxtheSolid Waste Landfill
Data for Reporting Period October 1, 1992

(sheet 2 of 8)
through September 30,

Well
Name

699-24-34A
699-24-34A
699-24-348

699-24-348
699-24-348
S99-24--34!---
699-24--348
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-25-34c
699-25-34C
699'l-34C
699-25-34C
699-25-34C-
699-25-34C
699-25-34C
699-26-35A
-699-26-35A
699-26-35A
699-26-3SA
699-26-35A

Well
Name
..9.23-.4..
6y-23-34A
699-23-34A

699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-24-33A
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33

AMMONIU
54/ppb
100/.

Collection
Date

9/30/93
12/18/92
12/18/92
1/73,193- --
3/23/93
7/07/93
7 709t- --

9/20/93
12/18/92
12/18/92
3/24/93
/04/93
7/07/93
7/07/93
9/20/93
12/18/92
12/18/92
3/24/93
3/24/93
3/24/93
3/24/93
7/07/93
7/07/93

12/11/92
12/17/92
3/?4/93
3/24/93
7/01/93
7/01/93
9/16/93
12/17/92

- 2/17/92

3/24/93
7/01/93
-7/01/93 -

CHLORID
124/ppb

200/250000s

7100.00

t-U0.00 H

7000.00

Sample
Number

B09735
B07t11
B07T15
- AR70 -
808875
B08P85
B08P89

nn74t A

807T16
807720
808876
B08880
B08P90
B08P94
B09745
B07T21
B07T25
808B81
808682
808889
808890
808P95
B08P99

807T26
B07T30
800691--
808B95
B08PBO
B08PB4
809755
B07T31

808871
808PBs

- - 08PS9

1993.

ALKALIN
52/ppm
50/.

250.00

Collection
Date

12/17/-92_
12/17/92
3/23/93
3/Z3/93
7/02/93
7/02/93

-- 9729/93
9/29/93

12/17/92
12/17/92
3/23/93
3/23/93
7/02/93
7/02/93

100.00 U

inn A 1'UI.UL U

38.50 U

100.00 U

100.00 U

38.50 U

100.00 U

100.00 U
100.00 U

40.00 L

100.00 U

100.00 u

38.50 U

100.00

100.00 U
50.00 L

Sample
Number

807S21
B07SZ5

- 08BDID
808859
B08P70
808P74

--8097i6
809720
807SZ6
B07T00
B08860
B08B64
B08P75
B08P79

FANTIMO
34/ppb
200/.

69.40 U

200.00 U

200.00 U

69.40 u--
69.40 U-

200.00 U

200.00 U

69.40 U
69.40 U

200.00 U

200.00 U
200.00 U

69.40 U
69.40 U

200.00 U

200.00 U

69.40 U
69.40 U

200 .00 U

69.40 U

FLUORID
124/ppb
100/4000

400.00

400.00 H

1000n o

260.00

320.00

300.00

320.00

180.00

190.00
190.00

200.00

200.00

190.00

210.00

140.00

150.00

FCALCIU
34/ppb
100/.

85000.00

84000.00 0

85000.00

86000.00

82000.00

79000.00

79000.00

FSARIUM
34/ppb

20/1000

79.00

80.00

72.00

77.00

70.00
70.00

70.00

71.00
65.00

60.00

60.00
50.00

62.00
55.00

50.00

50.00

52.00
56.00

30.00

35.00

ALPHA
135/pCi/L

./15

7.48

3.53 U

3.11

5.02

7400.00

7300.00 H

7400.00

400.00

300.00 H

800.00

2.09 U

5.82

3.06

5.3A-1



DOE/RL-93-88, REV. 0

Constituents with at Least One
Data for Reporting Period

Wel t-- elie
Name

699-24-33
699-24-33
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A,
699-24-34A600-214-734A

699-24-34A
699-24-34A
699-24-34A
699-24-348
A99-24-346
699-24-348
699-24-34B
699-24-348
699-24-34B

699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C

699-26-35A
699-26-35A
699-26-35A
699-26-35A

Collection
Date

9/29/93
9/29/93
12/18/92
12/18/92
3/23/93
3/23/93
7/02/93
7/02/93
o/3n/93,
9/30/93
9/30/93
9/30/93

12/18/92

3/23/93
3/23/93
7/07/93
7/07/93
9/20/93
91201/93

12/18/92
12/18/92
3/24/93
3/24/93
7/07/93

- 9/20/93
9/20/93

12/18/92
12/18/92
3/24/93
3/24/93
3/24/93
3/24/93
7/07/93
7/07/93
9/20/93
9/20/93

12/17/92
12/17/92
3/24/93
3/24/93
7/01/93
7/01/93
9/16/93
9/16/93

12/17/92
12/17/92
7/01/93
7/01/93

Sampte
Number

909721
B09725
B07101
607T09
B08B65
B08B69
B08P80
808P84
609726
B09727
B09734
B09735
807TIl
807115
608B70
808B75
B08P85
RORPR9
B09736

807T16
807T20
B08876
808880
B08P90
B08P94
809741
B09745
B07T21
B07T25

--- 8081
608882
608689
B08690
608P95
B08P99
809746
609750
807T26
807T30
B08B91
808895

08PBO
B08PB4

-- 809751
809755
607T31
607T35
B08PB5
B08P89

Value Above
October 1,
(sheet 3

FCALCIU
34/ppb
100/.

85000.00

75000.00

74000.00 a

76000.00

77000.00
77000.00

1i.ififif

76000.00 9

aonna-nn
8ODCI.00

96000.00

96000.00

I00000.00

95000.00

57000.00

58000.00
55000.00

60000.00

57000.00

62000.00

58000.00

62000.00

69000.00

43000.00

44000.00

the CRQL
1992 thro

of 8)

CHLOR ID
124/ppb

200/250000s

7300.00

7200.00 N

7200.00

7500.00

7400.00 H

7200.00

7000.00

7800.00

7400.00

7600.00

,,nn.nt

6900.00

6600.00
6600.00

6600.00

6400.00

7100.00

7100.00

7300.00

6800.00

6800.00

6900.00

for the Solid
ugh September

FLUORID
124/ppb
100/4000

400.00

400.00 H

900.00

400.00

400.00 H

900.00

400.00

400.00

700.00

900.00

400.00

400.00

60.00
600.00

700.00

400.00

400.00

600.00

700.00

500.00

700.00

Waste Landfill
30, 1993.

ALPHA
135/pCi/L

.115

3.76

3.69 U

4.29

4.99

4.53
4.55

4.22

3.84 U

5.23

4.78

2.65 U

2.89 U

4.78

3.38

4.17

4.35
4.38

5.21

3.97

3.74 U

4.13

4.19

4.12

3.71 U

4.66

5.3A-1I



DOE/RL-93-88,

Constituents with at Least One
Data for Reporting Period

Wet t
Name

699-23-34A
699-23-34A
699-23-34A
699-23-34k-
699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33
699-24-34A
699-24-34A
699- 24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699- 24-34A
699-24-34A
699-24-34A
699-24-34BA
699-24-34B
699-24-34t
699-24-348
699-24-34B8
699-24-34B
699-24-348
699-24-34s
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35 -
699-24-35

Collection
Date

12/17/92
12/17/92
3/13/93
3/23/93
7/02/93
7/02/93
9/29/93
9/29/93

12/17/92

3123/93
3/23/93
7/02/93
7/02/93
9/29/93
9/29/93
12/18/92
12/18/92
3/23/93 -
3/23/93
7/02/93
7/02/93
9/30/93
9/30/93
9/30/93
9/30/93
12/18/92
12/18/92
3/23/93
3/23/93
7/07/93
7/07/93
9/20/93
9/20/93

12/18/92
12/18/92
3/24/93
3/24/93
7/07/93
7/07/93 __
9/20/93
9/20/93

1218/92
12/18/92
3/24/93
3/24/93
3/24/93
3/24/93
7/07/93
7/07/93
9/20/93
9/20/93

Sample
Number

807SZ1
B07SZ5

088595
808P70
B08P74
809716
909720
807926
- 07T00

B08B64
808P75
B08P79
609721
B09725
B07T01
B07T09
908065
808869
608P80__
808P84
809726
809727--
809734
609735
B07T11
B07T15
B08870
-08075
B08P85
B08P89
B09736
609740
B07T16
B07T20

808876
808880
B08P90
8 _ 808P94
809741
809745
907T21-
B07T25
808B81
808882
B08B89
B08B90
B08P95
808P99
809746
B09750

Value Above the CRQL for the Solid Waste Landfill
October 1, 1992 through September 30,
(sheet 4 of 8)

BETA
136/pCi/L

./50

9.75

-- --11.50

12.50

11.30

17.30

12. 00

16.90

13.30

13.10

11.00

12.80

15.20
12. 00

13.50

13.50

15.30

10.30

16.00

13.90

12.30

13.70

9.86

12.60
12.00

10.10

9-37

F IRON
34/ppb

20/300s

20.00 U

53.00

110.00

In.nfl

32.00

10.30 U

FMAGNES
3 4/ppb
100/.

18000.00

18000.00

18000.00

20000.00

1 ODf(IA

18000.00

18000.00

10.30 U 20000.00

70.00

36.00

68.00

68.00
71.00

40.00

35.00

50.00

35.00

60.00

50.00

44.00

67.00

40.00

20.00
20.00

42.00

31.00

17000.00

17000.00

17000.00

19000.00
18000.00

18000.00

17000.00

18000.00

17000.00

19000.00

19000.00

20000.00

19000.00

14000.00

13000.00
13000.00

14000.00

13000.00

1993.

NITRATE
124/ppb

200/45000

14000.00

13000.00 H

13000.00

29000.00

27000.lO M

27000.00

16000.00

15000.00 H

16000.00

21000.00

20000.00 H

17000.00

17000.00 D

29000.00

28000.00

27000.00

25000.00 D

13000.00

14000.00
13000.00

13000.00

12000.00 D

5.3A- 12
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OOE/RL-93-88,

Collection Sampte
Date Number

12/17/ -

12/17/92
3/24/93
3/24/93
7/01/93
7/01/93
9/16/93
9/16/93

12/17/92
12/17/92
7/01/93
7/01/93

a0776
807T30
B08691
808895
608P60
B08PS4
809751
809755
607T31
807T35
808PS5
808P89

Value Above the CRQL for the Solid Waste Landfill
October 1, 1992 through September 30, 1993.
(sheet 5 of 8)

BETA
136/pC i/L

./50

15.80

17.90

15.00

11.90

15.20

FIRON
34/ppb

20/300s

FMAGNES
34/ppb
100/.

20.00 U 16000.00

20.00 U 14000.00

40.00

61.00

20.00 U

10.30 U

16000.00

16000.00

12000.00

12000.00

ColLection Sampie-
Date Nuber

12/17/92
12/17/92
3/23/93
3/23/93
7/02/93
7/02/93
9/29/93
9/29/93

12/17/92
12/17/92
3/23/93
3/23/93
7/02/93
7/02/93
9/29/93
9/29/93

12/18/92
12/18/92
3/23/93
3/23/93
7/02/93
7/02/93
9/30/93
9/30/93
9/30/93
9/30/93
9/30/93
9/30/93
12/18/92
12/18/92
3/23/93
3/23/93
7/07/93
7/07/93

807SZ1
807SZ5
808855
808859
808P70
B08P74
809716
809720
807876
B07T00
B08860
B08B64
B08P75
B08P79
B09721
B09725
807T01
B07T09
808865
B08B69
B08PSO
808PS4-
B09726
B09727
B09728
809729
809734
609735
B07Ti1-
B07T15
808870
-08875
B08P85
808P89

Constituents-with at-Least One
Data for Reporting Period

REV. 0

WeL L
Name

699-25-34C--
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-26-35A
699-26-35A
699-26-35A
699-26-35A

NITRATE
124/ppb

200/45000

31000.00

30000.00

29000.00

26000.00 D

30000.00

28000.00

WeLL -

Nam

699- 23-34A
699- 23-34A
699- 23-34A
699- 23-34A
699- 23-34A
699-23-34A
699-23-34A
699-23-34A
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33
699-24-33
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24--34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-348
699-24-348
699- 24-34A
699-24-34
699-24-348
699-24-348

FPOTASS

34/ppb
1000/.

8000.00

7900.00

8100.00

7500.00

7900.00

7800.00

7500.00

6900.00

7800.00

7600.00

7600.00

7000.00
6600.00

7600.00

7600.00

7500.00

FSODIUM
-34/ppb
300/.

23000.00

23000.00

22000.00

23000.00

24000.00

23000.00

22000.00

24000.00

23000.00

22000.00

22000.00

23000.00
23000.00

24000.00

22000.00

23000.00

SULFATE
tZ4fppb-

500/250000s

48000.00

46D00.00 H

48000.00

45000.00

43000.00 H

44000.00

48000.00

45000.00 H

49000.00

47000.00

45000.00 H

41000.00

TMPC
i70/Degc

.1/.

17.80

18.40

18.50

19.20

19.90

20.10

19.90

19.60

17.80

18.50

18.80

17.90
17.90
17.90
17.90

17.60

18.80

18.70

5.3A-13



DOE/RL-93-88, REV. 0

Constituents with at Least One
Data for Reporting Period

Collection Sample
Date Number

Wet I
Name

699-24-348
699-24-348
699-24-34B
699-24-348
699-24-348
699-24-34C
699-24-34C
699-24-34C

.99-2 -34C699-24-34C
699-24-34C
699-24-34C

699-24-34C
699-24-734C
699-24-34
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35-
699-24-35
699-24-35
699-24-35
699-25-34C
699-25-34C
699-25-34C699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C
699-25-34C

699-25-34C699-25-34C
699-26-35A
699-26-35A
699-26-35A
699-26-35A
699-26-35A
699-26-35A
699-26-35 A

9/20/93
9/20/93
9/20,93
9/20/93
9/20/93

12/18/92
12/18/92
3/24/93
3/2437
7/07/93
7/07/93
9/20/93
9/20/93

9/20/93
9/20/93
12/18/92
12/18/92
12/18/92
12/18/92
3/24/93
3/24/93
3/24/93
3/24/93
7/07/93
7/07/93
7/07/93-
9/20/93
9/20/93-

9/20/93
12/17/92
12/17/92
3/2/ /32
3/24/93
7/01/93
7/01/93
7/01/93
7/01/93
7/01/93
9/16/93
9/16/93
9/16/93

9/16/93
12/17/92
12/17/92
7/01/93
7/01/93
7/01/93
7/01/93
7/01/93

B09736
809737
509738
B09739
B09740
B07T16
B07T20
B08B76
908880
808P90
B08P94
809741
0fl071fl

809744
809745
807T21
B07T22
807T23
B07T25
B08B81
808B82
808889
808690
808P95
808P98
B08P99
B09746
809747

B09750
B07T26
B07T30
B08B94
B08895
BO8PBO
B08PB1
908PB2
808PB3
808PB4
B09751
B09752
B09753

809755
807T31
B07T35
808P85
808P86
808P87
808P88
B08PB9

Value Above the CRQL for the Solid Waste Landfill
October 1, 1992 through September 30, 1993.
(sheet 6 of 8)

FPOTASS
34/ppb

-1000/.

7600.00

7900.00

8300.00

7800.00

7500.00

7800.00
7500.00

7500.00

7300.00

7200.00

7600.00

7100.00

6900.00

6000.00

6200.00

FSODIUM
34/ppb
300/.

24000.00

24000.00

,,000. D

24000.00

22000.00

23000.00

23000.00
21000.00

23000.00

22000.00

25000.00

24000.00

SULFATE
124/ppb

500/250000s

46000.00 D

44000.00

43000.00

43000.00

43000.00 D

48000.00

46000.00
48000.00

46000.00

45000.00 D

45000.00

45000.00

48000.00

27000.00
39000.00 0

25000.00

22000.00
41000.00

40000.00

TMPC
170/DegC

.1/.

18.50
18.50
18.50
18.50

18.40

18.20

19.10

18.10
18.10
18.10
18.10

17.20
17.40
17.70

18.00

18.20

18.00
18.00
18.10
18.10

19.40

18.80

19.70
19.70
19.70
19.60

19.90
19.80
19.80
19.80

19.80

19.40
19.40
19.40
19.40

22000.00
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DOE/RL-93-88,

Constituents with at Least One
Data for Reporting Period

Value Above the CRQL for the Solid Waste Landfill
October 1, 1992 through September 30,
(sheet 7 of 8)

CoLLCtion Sample
Date

12/17/92
3/23/93
7/02/93
9/29/93

12/17/92
3/23/93
7702/93
9/29/93

12/18/92
3/23/93
7/02/93
9/30/93
9/30/93

12/18/92

7/07/93
9/20/93

12/18/92
3/24/93
7/07/93
9/20/93

12/18/92
3/24/93
3/24/93
7/07/93
9/20/93

12/17/92
3/24/93
7/01/93
9/16/93

12/17/92
7/01/93

Wel L
Name

.77- 2334A
699-23-34A
699-23-34A
699-23-34A
699-24-33
699-24-33
699-24-33 -
-699-24-33
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34B
M,-24-348
699-24-34B
699-24-348
699-24-34C
699-24-34C
699-24-34c
699-24-34C
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-25-34c
699-25-34C
699-25-34C
699-25-34C
699-26-35A
699-26-35A

WeLL
Name

699-23-34A

699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-23-34A
699-24-33

699-24-33A

699-24-33
699-24-33699-24-33

Date

12/17/92
12/17/92
3/23/93
3/23/93
7/02/93
7/02/93

9/29/ 9f
12/17/92
12/17/92
3/23/93
3/23/93
7/02/93

Number

807SZ1

808855
808B59
808P70
808P74

B07SZ6
807T00
B08860
608664
B08P75

PERCENE-
25/ppb
.5/.

TC
127/ppb
2000/.Number

B07821
B08655
B08P70
B09716
807SZ6
808860
BOP7S
R09721
807T01
808865
BROP80
809726
809727
B07T1 1

B08P85
B09736
BOTT 16
608876
B08P90
809741
907T21
808881
808882
B08P95
809746
B07T26
808B91
B08PB0
809751
B07T31
B08PB5

TURBID
126/NTU

.1/1

.20

.40

.90

-1 *

.60

.10 U

.20

TRICENE
25/ppb

1/.

TRITIUM
142/pCi/L
./20000

3.20 31500.00
3.40 24900.00
3.00 20800.00

19300.00
1.70 231000.00
1.30 211000.00
1.20 Wl000.00

175000.00
2.50 59900.00
2.30 54300.00
2.60 44800.00

39500.00
39600.00

2.00 120000.00
1.80 112000.00
1.60 89600.00

7900.00
2.00 228000.00
1.90 212000.00
1.20 196000.00

179000.00
1.00 U 27000.00
1.00 U 25200.00
1.00 U 25500.00
.23 L 19700.00

15800.00
1.20 265000.00
1.00 U 252000.00
.75 L 225000.00

226000.00
1.00 U 271000.00
.19 L 235000.00

FZINC
34/ppb
10/.

10.00 U

10.00 U

3.44 U

3.44 U

30.00

10.00 U

5.3A-15
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1993.

2.70 66000.00
5.90 68000.00
4.40 72000.00

72000.00 A
2.70 57000.00
3.90 61000.00
3t10 65000400

f67ff.l R
3.40 60000.00
5.60 57000.00
4.10 64000.00

65000.00 B
65000.00 B

3.20 61000.00
.61000.00

4.20 74000.00
- 59000.00 B

3.70 62000.00
5.30 65000.00
3.60 90000.00

70000.00 8
.50 44000.00

1.20 42000.00
1.20 45000.00
.77 53000.00

49000.00 B
1.00 42000.00
1.40 42000.00
1.20 48000.00

55000.00 B
.50 U 31000.00
.33 L 36000.00

CoLLection SampLe



DOE/RL-93-88. REV.

Constituents with at Least One
Data for Reporting Period

Value Above the
October 1, 1992
(sheet 8 of 8)

CRQL for the Solid Waste Landfill
through September 30, 1993.

WelL
Name

699-24-33
699-24-33
699-24-33
699-24-34A
699-24-34A
699-24-34A699- 24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A
699-24-34A

699-24-34A
699-24-34B
699-24-34B
699-24-348
699-24-348
699-24-348
699-24-348
699-24-348
699-24-34B

699- 24-34C

699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-34C
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-24-35
699-25-34C
699-25-34C
699-24-34C
699-25-34C-
699-25-34 C
699-25-34C
699-25-34C699-25-34C

699-26-35A
699-26-35A
699-26-35A
699-26-35A

0

-

_

_

TURBID
126/NTU

.1/1

.80

.40

.80

9.10

ColLection Sample
Date Number

7/02/93 B08P79
9/29/93 809721
9/29/93 809725

12/18/92 B07101
12/18/92 B07T09
3/23/93 808865
3/23/93 808869
7/02/93 608P80
7/02/93 808P84
9/30/93 B09726
9/30/93 Qf0727
9/73 ,93 - 809734

12/18/92 807T11
12/18/92 B07T15
3/23/93 808870
3/23/93 808875
7/07/93 B08P85

__7/07/93 B0P8Q9
9/20/93 809736
9/20/93 809740

12/18/92 607T20
3/24/93 B08876
3/24/93 608880
7/07/93 B08P90
7/07/93 B08P94
9/20/93 809741
9/20/93 809745
12/18/92 807T21
12/18/92 807T25
3/24/93 808881
3/24/93 B08882
3/24/93 B08B89
3/24/93 B08690
7/07/93 B08P95
7/07/93 B08P99
9/20/93 B09746
9/20/93 809750
12/17/92 807126
12/17/92 B07T30
3/24/93 808891
3/24/M3 -- 808895
-/1/93- - B0PB0

7/01/93 208PB4
9/16/93 B09751
9/16/93 B09755
12/17/92 B07131
12/17/92 B07135
7/01/93 B08PES
7/01/93 B08PB9

3.tn

2.20

6.80

3.80 Q

1.60

.40
.40

2.40

.90 a

.30

.50

3.50

.80 Q

U

2.00

F2INC
34/ppb

10/.

3.44 U

3.44 U

10.00 U

10.00 U

3.44 U

3.44 U

10.00 U

10.00 U

3.44 U

3.70 L

20.00

10.00 U

15.00

18.00

10.00 U

10.00 U
10.00 U

8.00 L

3.44 U

10.00 U

10.00 U

3.44 U

5.00 L

10.00 U

3.44 U

C.3A-1C

1.80
1.80

.30

.70

2.50

9.40 0
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Contamination Indicator Parameters for the Solid Waste Landfill
Period October 1,

Well
Name

699-23-34A

699-24-33

699-24-34A

1992 through September 30, 1993.

COND FIELD
ymrho

1/700w

618

Collection Sample
Date Nuiber

12/17/92 B07SZ1
807S21
607922
B07SZ2
B07SZ3
B07S23
607924

3/23/93 B08855
608B56
608657
B08858

7/02/93 B08P70
B08P71
808P72
608P73

9/29/93 809716
- 09717-
809718
809719

12/17/92 807SZ6
807926
B07SZ7
B07S27
807SZ8
B07SZ8
807SZ9
807SZ9

3/23/93 808260
608861
808862

--- - - 08863
7/02/93 808P75

808P76
B08P77
608P78

9/29/93 809721
809722
B09723
609724

12/18/92 807T01
B07TO
B07T03
B07T03
B07T05
B07T07
-07T07

3/23/93 B08B65
808866
808B67
808868

-7/02/93 - -80P80 -
-08P81
BOSP82
B08P83

COND LAB
.ho
./700w

620

640
640
640
640

616

616

616
608
607
608
608
657
653
650
645
645
642
640
641
640

636

633

630

470
477
465
472
641
643
642
641
644
642
645
643
649

649

647
643

528
532
531
529
600
598
596
599

580

(sh

pH FIELD pH LAS

.01/6.5-8.5s .01/6.5-8.5s

I 6.86

6.92

6.88

6.88
6.65
6.62
6.61
6.61
6.68
6.67
6.67
6.63
6.63
6.64
6.64
6.64
7.10

7.11

7.12

7.12

7.14
7.12
7.11
7.13
6.83
6.83
6.83
6.82
6.86
6.84
6.82
6.82
6.94

6.92

6.89
6.86

6.70
6.69
6.69
6.69
6.68
6.70
6.69
6.67

Data for Reporting
eet I of 3)

TOC TOX
ppb ppb

1000/. 10/.

1000 U 40.0 P
40.0 P

1000-U 40.0-P
40.0 P

1000 U 30.0 P
30.0 P

1000 U
1000 U 50.0 PH
1000 U 40.0 PH
1000 U 30.0 PH
1000 U 40.0 PH
300 L 30.0 P
300 L 30.0 P
300 L 8.0 UP
200 L 8.0 UP
200 U 40.0 P
200 L 40.0 P
200 U 40.0 P
200 11 -30.0 P
1000 U 10.0 P

20.0 P
1000 U 10.0 P

10.0 P
1000 U 10.0 P

10.0 P
1000 U 10.0 P

10.0 p
1000 U 10.0 PH
1000 U 10.0 PH
1000 U 10.0 UPH
1000 U 10.0 UPH
200 L 8.0 UP
300 L 8.0 UP
300 L 8.0 UP
300 L 8.0 UP
200 U 50.0 P
200 U 10.0 P
200 U 10.0 P
200 L 8.0 up
1000 U 20.0 PFH

30.0 PFH
1000 U 20.0 BPF

20.0 PFH

7.00

7.40 H
7.40 H
7.40 H
7.30 H

7.30

7.90 H
7.60 H
7.60 H
7.60 H

7.00

1000 U
1000 U

1000
1000
1000
1000
300
200
200
200

20.0
10.0
30.0
20.0
30.0
30.0

8.0
8.0
8.0

20.0

5.3A-17
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610

640
650
650
650
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Contamination Indicator Parameters for
Period October 1, 1992 through

the Solid Waste Landfill Data for Reporting
September 30, 1993. (sheet 2 of 3)

pH FIELD pH LAB

.01/6.5-8.5s

6.90
6.88
6.86
6.82

7.13

Welt
Name

699-24-34A

699- 4-348

699-24-34C

699-24-35

.01/6.5-8.5s

7.20
7.30
7.30
7.20
_,20.
7.40
7.30
7.30

CotLection
Date

9/30/93

12/18/92

3/23/93

7/07/93

9/20/93

12/18/92

3/24/93_

7/07/93

9/20/93

12/18/92

Sampte
Number

B09726
B09727
B09728
B09729
809730
809731
609732
609733
907T11
307T11
B07T12
807T12
807T13
807T13
807T14
307 14
508870
808872
808g73
808874
808P85
808P86
808P87
BosP88
B09736
809737
B09738
809739
B07T16
BOT76
G.,T17
B07T17
B07T18
B07118
B07T19
B07T19
508B76
- 08577
808B78
B08879
808P90
808P91
B08P92
808P93
809741.
B09742
809743
809744
807T21
807T21
807T22
807T22
807T23
B07T23
B07T24
807T24

COND LAB

./700w

600
600
600
580
600
600
600
600

0

7.08

7.06

7.03

6.87
6.74
-6..0 0
-6:'85-
6.81
6.81
6.80
6.79
7.00
6.98
6.96
6.94
7.01

6.99

7.00

7.00

6.80
-6.79
6.79
6.78
7.04
7.05
7.05
7.05
7.16
7.15
7.14
7.15
7.19

7.16

7.16

7.16

6.70

7.40
7.30
7.30
7.30

COND FIELD
gAho

1/700w

597
595
593
591

667

590

610
610
610
610

660

633

659

573
575

574
675
674
673
673
607
606
603
606
754

750

751

750

671
669
670
671
793
790
790
789
700
703
702
703
517

520

523

522

6.90

7.20
7.20
7.40
7.40

TOC TOX
ppb ppb

1000/. 10/.

200 U 20.0 p
200 U 20.0 P
200 U 30.0 P
200 U 20.0 P
200 U 20.0 P
200 U 30.0 P
200 U 30.0 P
200 U 30.0 P
1000 U 10.0 OPFH

10.0 PFH
1000 U 10.0 UPFH

10.0 PFN
1000 U 30.0 PFH

20.0 PFH
1000 U 20.0 PFH

20.0 PFH
1000 U 30.0 PH
1000 U 30.0 PH
1000 U 20.0 PH
1000 U 20.0 BPH
400 L 8.0 UP
300 L 10.0 P
300 L 8.0 UP
200 L 10.0 P
300 L 8.0 UP
300 L 10.0 P
300 L 20.0 P
300 L 8.0 UP
1000 U 20.0 PH

20.6 PH
uuu u 20.0 PH

20.0 PH
1000 U 10.0 UPH

10.0 UPH
1000 U 20.0 PH

20.0 PH
1000 U 30.0 BPH
1000 U 20.0 BPH
1000 U 20.0 PH
1000 U 10.0 PH
300 L 8.0 UP
400 L 8.0 UP
300 L 20.0 P
300 L 20.0 P
300 L 8.0 UP
300 L 8.0 UP
400 L 20.0 P
300 L 10.0 P
1000 U 10.0 UPH

10.0 UPH
1000 U 10.0 UPH

10.0 UPH
1000 U 10.0 UPH

10.0 UPH
1000 U 10.0 UPH

10.0 UPH

680

130
700
690
710

5.3A-18
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Contamination Indicator Parameters for
- - Period October 1,-1992 through

the Solid
C aptemknr

Waste Landfill Data for Reporting
30, 1993. (sheet 3 of 3)

Wet t
Mam.

699-24-35

COND FIELD
pmho

- 1/700w

520
511
502
501

569
568
570
569
487
487
487
486
511
515

CoLLection Sampte
Date --- M.nber

3/24/93 808881
--- ----- 808882

B08883
B08584
808885
808B86
60886808887
608B88

7/07/93 -808P95
808P96
B08P97
B08P98

9/20/93 809746
809747
809748
B09749

12/17/92 B07T26
B07T27
807T27
B07T28
B07T28
B07T29
B07T29

-3/N4/93 808B91
B08B92
808893
808894

7/01/93 B08P80
B08PB1
B08PB2
B08P83

9/16/93 R__ R09751 __.

809752
609753
B09754

12/17/92 B07T31
B07T31
B07T32
B07T32
B07T33
807T33
807T34
807T34

7/01/93 808PB5
-808P86

B-OPb7
808PM

COND LAB
p-o

-. /700w-

500--

490
490
500
500

530

530
550
550

420

pH FIELD pH LAB

-.01/-5-8.5s

6.88
6.95
7.01
7.04

7.42
7.41
7.41
7.39
7.33
7.32
7.32
7.31
7.28
7.28

7.27

7.26

7.27
7.25
7.26
7;25
7.14
7.13
7.13
7.14
7.26
7.25
7.25
7.24
7.56

7.58

7.58

7.57

7.49
7.57
7.52
7.46

-.01/6. 5-8.5s

7.20

7.70
7.70
7.60
7.70

7.50

BA00
8.10
8.20
8.00

7.60

10
10
10
10
10
10
10
10

4
3
2
4
3
3
3
3

10

TOC TOX
ppb ppb
000/.- 1o/.

00 U 10.0 UPH
00 U 10.0 PH
00 U 10.0 UPH
00 U 10.0 PH
00 U 20.0 PH
00 U 10.0 UPH
00 U 10.0 UPH
00 U 10.0 UPH
00 L 10.0 P
00 L 8.0 UP
00 U 8.0 UP
00 L 8.0 UP
00 L 8.0 UP
00 L 8.0 UP
00 L 8.0 UP
00 L 8.0 UP
00 U

1000 U 10.0
10.0

1000 U 10.0
10.0

1000 U 10.0
10.0

-1000 U 10.0
1000 u 10.0
1000 U 10.0
1000 3 10.0
200 u 8.0
200 U 8.0
200 U 8.0
200 u 8.0
200 U 8.0
300 L 8.0
300 L 8.0
300 L 8.0

1000 U 10.0
10.0

1000 U 10.0
10.0

1000 U 10.0
10.0

1000 U 10.0
10.0

200 U 8.0
200 U 8.0
200 U 8.0
200 U 8.0

5.3A-19
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516

517

508
508
508
509
524
523
524
523
S4-
542
541
543
422

423

422

420

432
429
430
430

699-25-34C

699-26-35A

rv--a
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APPENDIX 5.38

WATER LEVEL MEASUREMENTS

5.38-i
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RCRA Water Level

DOE/RL-93-88, REV. 0

Measurement Report, SWL. (sheet 1 of 4)

Water level
Depth to elevation

Well Date water (ft) above msl (ft)

Solid Waste Landfill Monitoring Wells

AQQ-23-34

699-24-33

699-24-34A

10/23/92
11/24/92
12/17/92
12/30/92
1/28/93
2/23/93
3/23/93
3/29/93
4/27/93
5/21/93
6/28/93
7/02/93
7/19/93
8/ 16/93
9/20/93

10/23/92
11/17/92
11/24/92
12/17/92
12/30/92
1/28/93
2/23/93
3/23/93
3/29/93
4/27/93
5/21/93
6/28/93
7/02/93
7/19/93
8/16/93
9/20/93
9/29/'AnV, ian in,

10/23/92
11/24/92
12/18/92
12/30/92

1/28/93
2/23/93

132
132
132
132
132
132

401.82
401.80
gni .n*
401.72
401.72
401.67
401.61*
401.66
401.59
401.54
401.52
401.47*
401.45
401.36
401.39
401.74
401.41*
401.71
401.65*
401.60
401.63
401.59
401.55*
401.57
401.50
401.42
401.43
401.44*
401.36
401.33
401.30
401.30*

401.81
401.79
401.78*
401.72
401.74
401.68

.08

.10

.11

.17
.15
.21

5.38-1
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RCRA Water Level Measurement Report, SWL. (sheet 2 of 4)

Water level

Depth to elevation
Well Date water (ft) above msl (ft)

SolidWaste Landfill Monitoring Wells

699-24-34A

699-24-34B

699-24-34C

3/29/93
4/27/93
5/21/93
6/28/93
7/02/93
7/19/93
8/16/93
9/20/93
9/30/93

10/23/92
11/24/92
12/18/92
12/30/92
1/28/93
2/23/93
3/23/93
3/29/93
4/27/93
r /121 /12
6/28/93
7/07/93
7/19/93
8/16/93

-9/20/93
9/20/93

10/23/92
_11/24/92
12/18/92
12/30/92
1/28/93
2/23/93
3/24/93
3/29/93
4/27/93
5/21/93
6/28/93
7/07/93

132.90
132.23
132.30
132.35
132.37
133.05
132.46
132.52
132.50
132.64

131
131
131
131
131
131
131
131
131
131
131
131
132
132
132
132

130
130
130
130
130
130130
130

131
131
131
131

400.99*+
401.66
4n'.rn

401.54
401.52
400.84*+
401.43
401.37
401.39
401. 25*

.68

.71

.78
.77
.77
.81
.7r

.82

.89

.94

.97

.92

.14

.09

.14

.10

.78

.82

.81

.87

.87

.84

.90

.93

.01

.05

.07

.12

401
401
401
401
401
401
40 1
401
401
401
401
401
401
401
401
401

401
401
401
401
401
401
401
401
401
401
401
401

.82

.79

.72*

.73

.73

.69
.5

.68

.61

.56

.53

.58*
.36
.41
.36*
.40

.80

.76

.77*

.71

.71

.74

.68*

.65

.57

.53

.51

.46*

5.3B-2
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RCRA Water Level Measurement Report, SWL. (sheet 3 of 4)

Water level
Depth to elevation

Well Date water (ft) above msl (ft)

Solid Waste Landfill Monitoring Wells

699-24-34C

699-24-35

699-25-34C

131
131
131
131

7/19/93

9/20/93
9/20/93

10/23/92
11/24/92
12/ 1df '
12/30/92
1/28/93
2/23/93
3/24/93
3/29/93
4/27/93
5/21/93
6/28/93
7/07/93
7/19/93
8/16/93
9/20/93
9/20/93

10/23/92
11/24/92
12/17/92
12/30/92

1/28/93
2/23/93
3/24/93
3/29/93
4/27/93
5/21/93
6/28/93
7/01/93

-7/19/93
8/16/93
9/16/93
9/20/93

.15

.24

.25

.20

401
401
401
401

401
401
401
401
401
401
401
401
401
401
401
401
401
401
401
401

136.99
137.00
137.02
137.07
137.06
137.11
.-. , Ir131 .I1
137.12
1I,, nA
137 .2U
137.26
137.27
137.29
137.39
137.42
137,51
137.46

133.66
133.68
133.77
133.75
133.73
133.78
133.75
133.81
133.87
133.92
133.94
134.00
i'.IA fA4134.u4q
134.51
134.15
134.18

.43

.34

.33*

.38

.82

.81

.79*

.74

.75

.70

.66*

.69

.61

.55

.54

.52*

.42

.39

.30

.35*

401.80
401.78
401.69*
401.71
401.73
401.68
401.71*
401.65
401.59
401.54
401.52
401.46*
401.42
400.95+
401.31*
401.28

5.3B-3



DOE/RL-93-88, REV. 0

RCRA Water Level Measurement Report, SWL. (sheet 4 of 4)

Water level
Depth to elevation

Wel Date water (ft) above msl (ft)

Solid Waste- tandfil Monitoring Wells

699-26-35A 10/23/92 130.56 401.81
11/24/92 130.54 401.83
12/17/92 130.96 401.41*
12/30/92 130.91 401.46
1/28/93 131.16 401.21
2/23/93 130.94 401.43
3/24/93 130.76 401.61*
3/29/93 130.96 401.41
4/27/93 131.03 401.63
5/21/93 131.08 401.58
6/28/93 131.09 401.57
7/01/93 131.41 401.25*
7/19/93 130.97 401.69
8/16/93 130.96 401.70
9/20/93 131.89 400.77+
9/20/93 131.22-- 401.44*

NOTES: 1. Water level elevations are calcul
measured depth-to-water from the
the well.

ated by subtracting the
surveyed elevation for

2. Depth-to-water values are transcribed from field records.
3. Elevations marked with an '* were measured at the time

of sampling.
4 Elevations marked with a +' are outside of the expected

range, and are suspected of error.
5. To convert feet to meters multiply by 0.3048.
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6.0 300 AREA

J. V. Borghese
Pacific Northwest Laboratory

6.1 HYDROLOGIC SETTING OF THE 300 AREA

The following is a general discussion of the geology and hydrology within
the 300 Area. More detailed information can be found in Swanson et al. (1992)
andu Juhla ( t120) .

6. 1 e gy of the A Area

The 300 Area is structurally situated at the south end of the Cold Creek
syncline. The general stratigraphy of the area can be divided into basalt
units and suprabasalt sediments. Figure 6.1-1 shows the generalized
stratigraphy of the -00 Area. The uppermost basalt is the Ice Harbor Member
of the Saddle Mountains Basalt. The suprabasalt geologic unit found in the
300 Area are from oldest to youngest: (1) Ringold Formation, (2) Hanford
formation, and (3) Holocene surficial deposits.

The Ringold Formation, about 46 m (150 ft) thick in the 300 Area, is
generally divided into a lower, mud-dominated sequence and an upper, gravelly
sequence. The lower mud unit, also known as the M-3 layer (DOE-RL 1990), is
correlated to the lower mud unit that is found throughout the Pasco Basin near
the bottom of the Ringold Fnrmntinn (Delaney et al. 1991; Lindsey 1991; see
Chapter 2.0). Every well in the 300 Area drilled to the depth of the lower
mud-unit has-encountered-it. Therefore, erosional windows through the lower
mud unit do not appear to be present in the vicinity of the 300 Area. However
the _rapid thinning -of the unit onserved to tlhe north and west of the 300 Area
suggests that the unit may be absent adjacent to the 300 Area. The gravelly
sequences averlying the lower mud unit are roughly correlative to the Ringold
gravel units B, C, and E (Delaney et al. 1991; Lindsey 1991; see Chapter 2.0).
The gravelly sequence is clast-supported granule-to-cobble gravel with a sandy
matrix.--Intercalated lenses ol sand and mud also are found. Two mud-
dominated intervals are found in the upper gravel sequence in the 300 Area.

The Hanford formation in the 300 Area consists of two of the three main
facies-di-scussed-in Delaney et-al-.-(199);. -The- thickness-range of the Hanford
formation is approximately 8 to 23 m (25 to 75 ft). It is dominated by
pebble-to-boulder gravels typical of the gravel-dominated facies. Sandy
horizons typical of the sand-dominated facies are-present locally.

There is evidence of erosion and channelization of the top of the Ringold
Formation throughout the 300 Area.- Thiserosion has produced several lows in
the top of the Ringold Formation that generally extend from west to east
across the area.

6.1-1
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Figure 6.1-1. General Stratigraphy in the 300 Area.

r-

-Th

V 'LM

Ice Harbor
Basalt

Eolian Deposits

Cobble to Boulder Gravel

Sand

Pebble to Cobble Gravel

Ice Harbor Basalt Member

Eolian Deposits

Hanford formation

Ringold Formation

b Muds

. A a Muds

Lower Mud Unit

T FI Granule to Cobble Gravel
zK

W1 ci and c2 Muds

a, b, c1 and c2 muds, terminology taken from Swanson et al. 1992

GEOSCI\011194-A

6.1-2

0

CF7
<~



DOE/RL-93-88, REV. 0

6.1.2- -Hydrogeologic Units in the 300 Area

The suprabasalt aquifer system within the 300 Area is contained within
the gravel and sands-of-the Hanford-formation and-the-Ringold Formation. The
geologic and hydrologic characteristics of these deposits are described in
more detail in Swanson et al. (1992) and Schalla et al. (1988).

Unconfined and confined hydraulic conditions are present within the
suprabasalt aquifer system in the 300 Area. The water table may either be
within the Hanford-formation or the Ringold Formation at a depth of 11 to 15 m
(35 to-50 ft). The Ringold lower mud unit, approximately 9 rn (30 ft) thick,
acts as a confining layer. The hydraulic head of the confined aquifer beneath
the lower mud unit is higher than that of the unconfined aquifer.

Transmissivity of the unconfined aquifer within the 300 Area was
determined by aquifer tests and are reported in Swanson et al. (1992) and
Schalla et al. (1988). Transmissivity ranges between 370 and 9,300 m2/day
(4,000 and 100,000 ft2/day). The large range in transmissivity may be due to
the wide range in sediment textures found within the 300 Area. Flow velocity
estimated from sampling the perchloroethylene spill was about 11 m/day
(35 ft/day)-Schalla et al. 1988).

6.1.3 Groundwater Flow in the 300 Area

The water level and flow direction in the unconfined aquifer near the
Columbia River are related to-fluctuations- in-river stage. The water level in
wells monitoring the top of the unconfined aquifer fluctuates as much as 1.2 m
(4 ft) over the year. High river stage occurs in late spring (May-June) and
low stage in early fall (September-October) (see Figure 2-3). The groundwater
flow-direction-of the-unconfined aquifer is predominantly to the east within
the 300 Area and in the surrounding area (Figure 6.1-2). East of the
1100 Area and south of the 300 Area there is a groundwater mound (see
Figure 6.1-2). This mound locally distorts the general eastward flow
direction. The mound is caused by the city of Richland's recharge basins.
Flow reversal occurs when the river stage is higher than the water level in
the unconfined aquifer. This reversal usually occurs in late spring and is a
near river effect.

The confined aquifer is monitored at a few locations in and around the
300 Area. The direction of flow appears to be east-northeast based on
regional-data- The potentiometric level of the confined aquifer is above land
surface in well 699-S22-E9C and 0.6 to 0.9 m (2 to 3 ft) below the land
surface in well-399r1-17C. An upward-gradient exists-between the confined and
unconfined aquifers. The head difference of about 11 m (35 ft) occurs near
the 399-1-17 well cluster.

6.1-3
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Figure 6.1-2. Watar Table Elevation
Map for the 300 and 1100 Areas.
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6.1.4 Groundwater Chemistry in the 300 Area

RCRA groundwater monitoring in the 300 Area was initiated in 1987 for the
process trenches. At the beginning of RCRA monitoring a large number of
300 Area wells were sampled to determine the effects of the 316-5 Process
Trenches apart from the other facilities in the 300 Area (i.e., North and
South Process Ponds, and sanitary sewer system). DOE (1993) has identified
contaminants of potential -concern-for the-unconfined aquifer beneath the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA)-3004FF-5 operable unit. These contaminants ar: total coliform,
chloroform 2 irhlnrnethenA, trichloroethene, "Sr 9 Tc, tritium, total
uranium, U, nitrate, nickel, and copper.

The contaminants of potential concern that can be associated with plumes
within the 300 Area are "Sr-and-99Tc with the gross beta plume, tritium,
and total uranium. The gross beta plume (Figure 6.1-3) centers around the
northern part of the 300 Area. The tritium plume (Figure 6.1-4), which
emanates from the 200 Areas, has reached the northern portion of the 300 Area
at a level that is equal to the drinking water standard of 20,000 pCi/L. The
uranium plume (Figure 6.1-5) has two centers, one in the northern portion of
the-300 Area near the process trenches and the other located in the
sout-heastern--section of-the 300 Area. The gross alpha plume (Figure 6.1-6) is
of the same general shape as that of the uranium plume, because uranium is the
primary alpha-emitter in the area.
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Figure 6.1-3. Grosr Beta Distributior
in Uppermost Aquifer, 300 Area.
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Figure 6.1-4. Tritium Distribution
in Uppermost Aquifer, 3.00 Area.
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Figure 6.1-5. Uranium Distribution
in Uppermost Aquifer, 301) Area.
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Figure 6.1-6. Gross-Alpha Distribution
in Uppermost Aquifer, 300 Area.
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g 9_300 AREA pRlrr1C TRENCH

-3. V. uBorgese
Pacific Northwest Laboratory

The groundwater near the 300 Area Process Trenches has been monitored by
a Resource Conservation and Recovery Act of 1976 (RCRA) interim-status

Aroundwater quality .ssessent-well network since June-1985. Monitoring wells
were constructed in response to a Consent Agreement and Compliance Order
issued jointly by Ecology and the EPA (Ecology and EPA 1986). The 300 Area
Process Trenches are located within the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA) operable units 300-FF-1 and
300-FF-5. -_Currentlythe 30 AreaProcestTrenches are in the aroundwater
quality -assessment-stage-of monitoring as discussed in the groundwater
monitoring coampiance-pI-an- (Schalla 1988). A closure/post-closure plan has
been written for the- 300 Area Prnrocs Trenches and is described in DOE (1985).

6.2.1 Facility Overview

The 300 Area Process Trenches are located in the northern portion of the
300 Area (Figure 6.2-1). The two unlined trenches were constructed in 1975.
The ge-ogy and hydrology of the 300 Area are discussed in Section 6.1.

From 1975 until the shutdown of fuel fabrication in 1987 and other
-3OO-Area operations in 1-988-the-t-renches were -Used for- the dissposal of most
liquid wastes generated in the 300 Area. Waste constituents are described in
Schalla et al. (1988). Discharge rate reached a maximum of about 7,600 L/min
(2.000 gal/min). Since 1988, the wastewater has consisted of cooling water
with smal1 -quantities of onhazardous maintenance and process waste. In
July 1991, the trenches were modified as part of an Expedited Response Action.
The modifications of the trenches involved removing bottom sediment from the
inflow end of the trench and placing it at the opposite end of the trench
behind a berm. The trenches were used on an alternating, as-needed basis.
The west -trench was rendered-inoperable on November 20, 1992. Since then, the
east trench receives all discharge. Average dischargeto the east trench is
about 850 L/min (225 gal/min).

6.2.2 Summary of 1993 Activities

Two regular sampling events occurred in fiscal year 1993. Sampling of
the monitoring wells occurred in February and September 1993. In addition to
regular sampling events, one well is sampled quarterly for a limited list of
analytes 4-__ater level measurements are taken monthly, in addition to
measurements made during sampling.

U.r.3a Other Activities in 193

Other activities that occurred in 1993 were the remediation of
welT 399-1-16C by the CERCLA program, and special sampling in response to a
release of ethylene glycol. Well 399-1-16C was remediated to solve the
problem of hydraulic connection between the unconfined and the confined

6.2-1
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aquifer. The well was drilled and completed in 1987 in the confined aquifer.
Within 6 months after completion the water level in the well was about 9 m
(30 ft) lower than then the initial head measured in this well. The water
level in the well equilibrated to that of the unconfined aquifer, which is
about 9 m (30 ft) lower than that in the confined aquifer. The hydraulic
connection may have been caused by inadequate seal in the annular space,
casing joint leaks, and/or damage to casing. Since the completion of
remediation-the water level --in the well -is that of the confined aquifer.

On April 30, 1993, a spill of ethylene glycol occurred in the
309 Building and was subsequently released to the process sewer line. Samples
of process water and groundwater have been collected to evaluate the impact of
the ethylene glycoT release. The sample-from-t-he weir box of the process
trenches, approximately 5 hours after the discharge, contained an ethylene
glycol concentration of 3,000 ppm. Analytical results of wells sampled on
May 8, 14, and 20, Y993,- indicate levels of ethylene glycol in groundwater are

n- siniticant (<Iq ppm datectinn limit)..olII I%- JJ)Jfl - - *'- flfl ,I

6.2.4 Sampling and Analysis Program

- The general groundwater monitoring program is described in the
groundwater monitoring compliance plan (Schalla 1988). Sampling of 300 Area
wells is coordinated with the 300-FF-5 CERCLA program so that well trips can
be reduced and data are shared.

There are currently 11 wells in the monitoring network for the process
trenches. The locations of these wells are shown in Figure 6.1-1. A list of
these 11 wells, other wells, and their uses are presented in Table 6.2-1.

Groundwater samples are collected semiannually ,t all wells in the
network except well 399-1-17A, which is scheduled for quarterly sample
collection. Well 399-1-17A is on a quarterly schedule to access changes in
groundwater quality near the process trench.

Available analytical results have been reported in the quarterly reports
(DOE-RL 1993a, 1993b, 1993c, 1994). A summary of analytical constituents is
presented in Table 6.2-2.

6.2.5 Groundwater Chemistry

The process trenches are located near other liquid disposal facilities in
the-30 Area. Because of the proximity to the North Process Ponds (no longer
in service) and sanitary sewer lines, as well as other facilities downgradient
irom the process-trenches, it-is difficult to determine--constituents--in--the
groundwater that can be directly attributed to the process trenches.

6.2-5.1 Concentration Histories of Waste Indicators. A brief discussion of
constituents of interest for the reporting period is provided in the following
text. A list of the available analytical data for the reporting period is
available in DOE-RL (1993a, 1993b, 1993c, 1994).

6.2-3
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Table 6.2-1. Monitoring Wells Used for the 300 Area Process Trenches,

".1 A ISampling Water Welll quifer frequency levels standards

399-1-10A" Top of unconfined SA M RCRA

399-1-1186

199-i-12

Top of unconfined

Top of unconfined

SA

SA

M

M

RCRA

RCRA

3997-14A Top of unconfined SA N RCRA
399-1-1 6A' Top of unconfined SA M RCRA

399-1-16B7 Bottom unconfined SA M RCRA

399-1-17A' Top of unconfined M H RCRA

399-1-17B86 Bottom unconfined SA M RCRA

399-1-18A" Top of unconfined SA M RCRA

399-2-14 Top of unconfined I SA8  0 PRE

399-3-10 76 Top of- unconfined SAO M PRE
-Notes Shading denotes upgradient wells. Superscript following

well number denotes the year of installation.
- r! a ... !V~4 UfMir Supportinlg dald.

M = frequency on a monthly basis.
PRE - well was constructed before RCRA-specified standards.

Q = frequency on a quarterly basis.
RCRA = well is in compliance with RCRA standards.

SA = frequency on a semiannual basis.

6.2.5.1.1 Uranium. Concentrations of uranium at well 399-1-17A are
shown in Figure 6.2-2. Groundwater from well 399-1-17A has been analyzed
for uranium since 1987. Before the Expedited Response Action in July 1991,
uran-ium concentrations were greater than 100 ppb and showed cyclic variations.
The cyclic variations were related to river stage fluctuations. However after
the Expedited Response Action, uranium concentrations dropped to much lower
v-al-ue-s and--stayed at the low v-tue-s- thrcuih th-e -monitored period.
Concentration of uranium at other sampled wells have remained consistent
during the past year.

6.2.5.1.2 Gross Alpha. Concentrations of gross alpha activity above the
drinking water standard (DWS) (15 pCi/L) were observed in wells 399-1-10,
399-1-11, 399-1-12, 399-1-16A, 399-1-7, and 399-2-1. All of these wells
except 399-1-16A and 399-2-1 historically have had gross alpha values above
the OWS.

- .2.5.1.3 Trichloroethylene/1,2-Dichloroethene. roundwater-collec ted
from--wel-- 399-i-116,-G w-i-ch--mi-tors- the bottom of the unconfined aquifer,
historically has had values of trichloroethylene and 1,2-dichloroethene above
the DWSs of 5 and 70 ppb, respectively. 1,2-dichloroethene was also detected
in well 399-1-16A.

6.2-4
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Table 6.2-2. Constituents Analyzed in the 300 Area Process Trenches.

Contamination indicator parameters

p- otal-urganic-carboun -

Specific conductance Total organic halogen

Groundwater quality parameters

Chloride Manganese Sodium
Iron Phenols Sulfate

Drinking water parameters

2;4-D Chromium LeadI 2,4,5-TP Silvex Coliform bacteria Mercury
Alpha- Df Delta-BHC Methoxychlor

I Arsenic Endrin Nitrate
Barium Fluoride Radium

--ea--BkC Gross alpha Selenium
Cadmium Gross beta qilver

Site-specific and other parameters

4,4-DDE Cobalt Phosphate
4,4-DDT Copper Potassium
Morin Diaidrin Tin

Alkalinity Endosulfan Toxaphene
Antimony Endrin aldehyde Tritium
Arochlor 10, 12 Heptachlor Uranium
Beryllium Magnesium Vanadium
Bromide Nickel Volatile organics
Chlordane Nitrate Zinc

B-IC = benzone hexachloride.

6.2.5.1.4 Tritium. Although tritium is not indicative of a contaminant
from the process trenches, the plume emanating from the 200 Areas (see
F-igu-re 2-5) is- influencing groundwater i-n--the 300 Area. Figure 6.2-3 shows
the change in concentration over time for selected wells in the 300 Area.
Well 399-1-18A, the northernmost well in the network, has the highest
concentration of tritium. Wells further south detect less tritium.

6.2.5.2 Distribution of Waste Constituents. The distribution of uranium in
the groundwater beneath the 300 Area has changed since July 1991. Data before
July 1991 showed an uranium plume with the high (120 pCi/L) centered around
well 399-1-17A located at the inflow end of the process trenches (Evans
et al. 1992). The 1992 and 1993 data show that the marked decrease in uranium
at well 399-1-17A that occurred post-Expedited Response Action has been
sustained. Figure 6.1-5 shows the uranium plume in the 300 Area.
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Figure 6.2-2. Uranium Concentrations at Well 399-1-17A.
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6.2.6 Groundwater Flow

6.2.6.1 Groundwater Flow Direction. The groundwater flow direction in the
unconfined aquifer near the 300 Area Process Trenches is predominantly to the
southeast with slight changes due to fluctuations in Columbia River stage.
Figure 6.2-4 shows the elevation of the water table on May 26, 1993, when the
river stage was very near the high for the year. There is a localized flow
reversal when the river stage is higher than the water level in the unconfined
aquifer. Figure 6.2-5 shows the elevation of the water table on
-September 27, 1993, during the low stage period for the Columbia River.
Water level data are collected monthly and reported in quarterly reports
(DOE-RL i993a, 1993b, 1993c, 1994).

There is a vertical head difference, with the gradient in an upward
direction, between the unconfined aquifer above the Ringold lower mud unit and
the gravels beneath the mud,-At well_399-1-17A the head difference is about
11-- 3)5-ft).--There is a slight downward gradient within the unconfined
aquifer-.----The head di-fference with-i-n the unconfin-ed aquifer- is observed in
the 399-1-17 and 399-1-16 well cluster.

6.2.6.2 Rate of Flow. The flow rate in the top of the unconfined aquifer has
previously been reported as about 10.6 m/d (35 ft/d) near the process trenches
(Schalla et al. 1988) based on a perchloroethylene spill data. The rate of
flow can also be estimated roughly by using the Darcy equation.

v = 
(1)n

where:

v = Average linear groundwater velocity
K = Hydraulic cnnductivity
i = Hydraulic gradient
n = Effective porosity.

Schalla et al. (1988) reported values of hydraulic conductivity determined
from pumping tests for the unconfined aquifer ranging from 150 to 15,240 m/d
(500 to 50,000 ft/d). The hydraulic gradient near the process trenches,
estimated from the September 1993 water table maps, averages to 0.0007. This
gradient is about average for the year. Estimates of effective porosity for
the unconfined aquifer range from 0.10 to 0.30. Using the above-stated values
for input parameters to the Darcy equation, the range of groundwater flow
velocity is approximately 0.11 to 32 m/d (0.35 to 105 ft/d). The large range
n flow velocity values is a result of the large range in values of hydraulic
conductivity reported for the aquifer. The range in hydraulic conductivity
may be attributed to the difference in geologic deposits.

6.2.6.3 Evaluation of Monitoring Network. Groundwater flow has not changed
significantly since the 300 Area Process Trenches monitoring network was
designed. The network is still adequate to detect contamination from the
trenches.
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Figure 6.2-4. Water Table Elevation Map, May 26, 1993.
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Figure 6.2-5. Water Table Elevation Map, September 27,
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APPENDIX A

QUALITY CONTROL

k.0 QUALITY CONTROL PROGRAM

j. C. Johnston/S. N. Kitchka/A. W. Stites/T. X. Washington
Westinghouse Hanford Company

A.1 INTRODUCTION

The Resource Conservation and Recovery Act of 1976 (RCRA) Quality Control
(QC) program is based on guidance from the U.S. Environmental Protection
Agency (EPA), the Resource Conservation and Recovery Act (RCRA) Groundwater
Monitoring Technical Enforcement Guidance no-ent (EPA 1986a), and
Chapter One, "Quality Control," from Test Methods for Evaluating Solid Waste
(EPA 1986b).

A.1.1 Data Quality Objectives

The QC program uses the five data quality indicators precision, accuracy,
representativeness, completeness, and comparability, along with applicable
program-specific quality parameters to evaluate the quality of the data and
the analytical laboratories analyzing the samples. Target values for
precision and accuracy are specified in Quality Assurance Project Plan for
RCRA Groundwater Monitoring Activities (WHC 1992b).

1. Precision is evaluated using data results from laboratory
duplicates, matrix spike duplicates (see Section A.3), field
duplicates, and blind samples (see Section A.2).

2. Accuracy is evaluated using data results from laboratory matrix
spikes; laboratory control samples; EPA Water Pollution (WP), Water
Supply-(WS), -and-Interaboratory Performance-Evaluation Programs
(see Section A.3); and by blind samples (see Section A.2).

3. Representativeness expresses the degree to which RCRA facility
groundwater monitoring data represent the real composition of the
groundwater in the aquifer. Goals for data representativeness for
groundwater monitoring programs are addressed qualitatively by the
specification of well construction, sampling locations, sampling

- ntervalsand -sampling and analyses techniques in the groundwater
monitoring plan for each RCRA facility.

4. Completeness is defined as the percentage of measurements made that
are judged to be valid measurements. Completeness is determined by
the number of data unflagged during validation, divided by the total
number of data validated, and multiplied by 100. The calculated
percentages used in reporting completeness are conservative figures
and are based onjthe data flags P, F, D, Q, and/or H.
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5. Comparability is used to ensure that samples analyzed by different
-laboratories ortby the same laboratory over different time periods
are comparable. For 1993, only the primary hazardous chemistry and
radiochemistry laboratories were requested to analyze samples and
submit data. Samples were analyzed in accordance with Test Methods
for Evaluating Solid Waste (EPA 1986b) and other applicable approved
methods. Comparability of field measurements is determined by
following approved sampling procedures that ensure consistency among
sampling events.

A.2 EXTERNAL-QUALITY CONTROL PROGRAM

- The external -C program--uses-three kinds- of--QC samples to- evaluate
quality in the field and laboratory. These are field duplicates, field
blanks, and blind samples.

Tbe QC analyticalr- esult-s are judged- tn-be- acceptabe if the following
evaluation criteria are met.

- Field duplicates--Results of field duplicate pairs must have
precision as measured by relative percent differences within + 25%.

* Blanks--Four kinds of blanks are used to check for contamination
resulting from field activities and/or bottle preparation. These
are full trip-blanks, daily-trip-blanks, field transfer blanks, and
bottle blanks.

Except for common laboratory contaminants, results above the limit
of two times the method detection limit (MDL) are identified as
suspected contamination. For common laboratory contaminants, such
Sa-tone methylene chloride, 9-hutanone, toluene, and phthalate

esters, sample results less than five times the MDL are qualified as
nondetects.

* Blind samples--Results must fall within 2.0 standard deviations from
the mean recovery of the known concentration of samples submitted to
Tflp lahnratnrv.

Table A-1 provides a summary of the QC results available for 1993.

Results of the field blank and field duplicate analyses for 1993 are
summarized in Tables A-2 and A-3. Tables A-2 and A-3 summarize the total
number of field blanks and field duplicates outside of the OC limit per
analyte for 1993. Analytes not listed in Tables A-2 or A-3 were 100%
acceptable for field blanks or field duplicates.

A. INILNAL UUALII! LUNIKUL YKUbKRAM

-The internal OC program uses four types of QC data to establish and
monitor performance in the laboratory. These data are laboratory blanks,
matri x spikes,- -matrix duplicates, --and EPA - studies --WP -and WS).
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Table A-1. Summary of 1993 Quality Control Quarterly Reports.

Blinds Field Field blanksQuarterly reports (% acceptable) duplicates % acceptable)(% acceptable)

October-December 1992 None sent 97.4 98.3

January-March 1993 None sent 95.6 99.6

lApril-June 1993 None sent 95.9 96.9

JyI ISptem I - 94.5 &r - 98.2

Every quarter each contracted laboratory suppli-es its own QC report,
which includes data quality information on matrix spikes, matrix duplicates,
and blanks in the form of precision and accuracy. The contracted laboratories
also supply a report of their results for the EPA's WP, WS, and radiochemical

- - intercomparison studies on-a a .terly basis. The results of EPA studies
independently verify the continuation of laboratory performance and are
expressed as the percentage of EPA-accepted results. Each half-year the
contracted1ahoratori-s alssuply yanI/minimum determined concentration

(MDC) report. The MDLs and MOCs are required to be--below the contractually
required quantitation limit (CRQL). The CRQL is not associated with a
quantitation limit as the name suggests. It is intended to be the lowest
analyte concentration in a-g-iven-matrix that a laboratory can be expected to
detect consistently. The CRQL is agreed upon under the contractual statement
of work. A laboratory nonconformance report (NCR) is issued when the MDL is
greater than the CROi. -Westinghouse Hanford Company (WHC) reviews each of
these reports and summarizes the results below in this section.

Precision and accuracy results from the primary contract laboratories,
summarized i-Table A4, -indicate the performance of all customers submitting
water matrix samples. WHC samples represent only a part of the performance
summary.

Radiochemistry precision and accuracy figures are gleaned from the
radiochemistry- laboratory's--quarterly report, with percent acceptability
calculated from duplicates and spikes, respectively. These results, along
with radiochemistry blank data, are summarized in Table A-4.

During the quarter of October through December 1992, the internal
QC section of the RCRA Groundwater Monitoring quarterly report (DOE-RL 1993b)
reported results of a limited number of laboratory blanks, duplicates, and
spikes-frm- a-variety of-methods and analytes. The usefulness of this data
was assessed, and the following quarter (January through March 1993), the
present system of evaluating laboratory QC parameters was initiated. For the
-remainder of fiscal year-(FY) 1993- -internal -(t-aboratory) QCfor-hazardous
chemistry focused on specific areas of analysis that have been of concern in
the past.
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Table A-2.- Field -Blanks Exceeding Qual ity Control Limits.

Constituent name Method Total Blanks Out % Out of
analyses of QC limits QC limits

1,1,1-Trichloroethane --- SW-8240 650 3 0.5

Acetone SW-8240 650 173 26.6

Aluminum SW-6010 743 40 5,4

.Ammonium ion ASTM D-1426-C 92 44 47.8

Ammonium ion ASTM D-1426-D 595 101 17.0

Antimony SW-6010 1,812 19 1.0

Arsenic SW-7060 1,547 67 4.3

Beryllium SW-6010 1,812 59 3,3
Calcium SW-6010 1,812 320 17.7

Carbon tetrachloride SW-8240 650 18 2.8

Chloride ASTM D-4327-88 959 7 0.7

Chromium SW-60 1,812 62 3.4

Copper SW-6010 1,812 40 2.2

Endosulfan sulfate SW-8080 656 19 2.9

Fluoride ASTM D-4327-88 959 15 1.6

Gross beta SW-9310 Beta 960 8 0.8

Iodine-129 ITAS 1-129 137 1 0.7

Iron SW-6010 1,812 83 4.6

Lead SW-7421 1,531 67 4.4

Manganese SW-6Ol0 1,812 22 1.2

Methylene chioride SW-8240 650 194 29,8

Nitrate ASTM D-4327-88 959 29 3.0

Potassium SW-6010 1,812 87 4.8

Sodium SW-6010 1,812 398 22.0

Technetium-99 ITAS Tc-99 271 6 2.2

Tetrahydrofuran SW-8240 650 3 0.5

Total carbon ASTM D-2579-A 265 15 5.7

Total organic carbon

Total organic halogen

SW-9060
SW-9020

2,912
4,674

50

74

1.7
1.6

Tritiumn -ITAS H-3 K 2 1.4

Turbidity Std Meth 214A 845 98 11.6

Zinc SW-6010 1,812 131 7.2
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Table A-3.- Field Duplicates Ex
(sheet

1 of ding fl
I of 2)

ity Control Limits.

Constituent name Method Total Duplicates Out % Out of
Constituent__ name_ Methodanalyses of QC limits QC limits

Acetone SW-8240 650 3 0.5

Aluminum SW-6010 743 6 0.8

Ammonium- ion ASTM D-1426-D 595 2 0.3

Antimony-125 ITAS 8 Scan 312 10 3.2

Arsenic SW-7060 1,547 6 0.4

Rmrium SW-6010 1,812 0.2

Beryllium SW-6010 1,812 4 0.2

Bromide ASTM D-4327-88 959 2 0.2

Calcium SW-6010 1,812 2 0.1

Carbon tetrachloride SW-8240 650 2 2.4

Cesium-137

Chloroform

ITAS 8 Scan

SW-8240

315
650

4

2

1.3
0.3

Chloroform SW-8010/8020 85 2 2.4

Chromium SW-6010 1,812 26 1.4

Coba^lt SW-6010 1812 6 0.3

Cobalt-60 ITAS 6 Scan 315 6 1.9

Copper SW-6010 1,812 8 0.4

Cyanide

Del ta-BHC SW-8080

83

656

2

2

2.4

0.3

Di-n-butylphtahlate SW-8270 93 2 2.2

Dieldrin SW-8080 656 2 0.3

Fluoride ASTM D-4327-88 959 10 1.0

Gross- alpha SW-9310 Alpha 941 18 1.9

Gross beta

Iron

Lead

SW-9310 Beta

SW-6010

SW-7421

960
1,812
1,531

14

44

32

1.5
2.4
2.1

Magnacinm SW-6010 1,812 2 0.1
Manganese SW-0O 1,812 18 1.0

Methylene chloride SW-8240 650 4 0.6
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Table A-3. Field Duplicates Exceeding Quality Control Limits.
(sheet 2 of 2)

rnnet";ont na Method Total Dup icates Out % Out of
- analyses I oQCI ImisQC-Limits

Nickel SW-6010 1,812 28 1.5

Nitrate ASTM D-4327-88 959 6 0.6

Nitrite ASTM-D-4327-88 -959 2 0.2

Potassium SW-6010 1,812 4 0.2

Radium SW-9315 Radium 749 8 1.1

Ruthenium-106 ITAS 6 Scan 315 4 1.3

Selenium SW-7740 1,539 6 0.4

Silver SW-6010 1,812 4 0.2

Sodium
Sulfide

SW-6010
SW-9030

1,812
176

4

2

0.2
1.1

Technetium-99 ITAS Tc-99 271 2 0.7

Toluene SW-8240 650 2 0.3

Total organic carbon SW-9060 2,912 16 0.5

Total orqanic-haldgen SW-9020 4,674 18 0.4

Trichloroethene -SW-82A4 650 - A 0.6

Tritium ITAS H-3 851 2 0.2

Turbidity Std Meth 214A 845 12 1.4

Vanadium SW-6010 1,812 10 0.6

Zinc SW-6010 1,812 26 1.4

Table A-4. S unnary of 1993 Quality Control Semiannual
Quarterly Reports (in percent acceptable).

and

193QatryEPA water RadiochemicaL1993 Quarterly Precision' Accurac pollution EPA water supply interab
reports (_acceptable) (% acceptable) _(tacceptable) CX acceptable) conparison

(X acceptable)

Oct-Dec 1992 97.2 100 97.2% Samples not sent 100%
this quarter (11/92 - 02/93)

Jan-Mar 1993 95.6 98.2 Not reported Not reported Not received
by lab by lab

Apr-Jun 1993 98.8 97.8 97.7% Samples not sent 100%
this quarter (03/93 - 05/93)

JuL-Sept 1993 97.8 97.7 Samples not sent 98.7% loot
this quarter (06/93 - 08/93)

'These figures represent radiochemistry data.
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The following constituents were identified by the QC task team to have
analysis results outside QC limits for at least 5% of the total analyses:
acetone (26.6%), aluminum (5.4%), ammonium ion (47.8% and 17.0%), calcium
(17.7%), methylene chloride (29.8%), sodium (22.0%), total carbon (5.7%),

-turbidity-(11.-6%-) ,--and -zinc (7.2%). The-QC task -team-has begun-investi-gation
with the sampling and laboratory contract administrator in an effort-to-locate
the cause of contamination of the field blanks.

For the quarter of January through March 1993, 100% of the total organic
halogen (TOX) data for matrix spike duplicates and matrix spikes were
evaluated for precision and accuracy, respectively. The number of datapoints
found to be outside QC limits was unacceptable, and, therefore, addressed at
the August 4-6, 1993 audit of the hazardous chemistry laboratory.

The following quarter all evaluation of hazardous chemistry internal
QC data focused on inductively coupled plasma (ICP) metals of particular
concern. The metals chosen for evaluation were calcium, chromium, iron,
nickel, sodium, and zinc. One hundred percent of the matrix duplicates and
matrix spikes were evaluated for these constituents. Based on this evaluation
and past data, an audit of the laboratory's ICP metals area of analysis was
-determined to-be-necessary.- A summary of the audit findings-is found in
Section A.5, Quality Assurance Occurrences.

During third quarter of FY 1993,- all evalua-tion of--i-nternal-QC focused on
total organic carbon (TOC) and total carbon because of concern for the quality
of the analytical results. Because of this evaluation, the QC task team has
determined that an audit of the hazardous chemistry laboratory is necessary.

A.4 NONCONFORMANCE/INCIDENT REPORTS

-- KCRs-antd-incident-reports are methods- of documentation by which contract
laboratories can inform laboratory contractors and their customers of any

problms zencountered wth-tev analys-s ,J-ata, and/ar data dalive"ble. This
method of documentation is intended to identify occurrences, deficiencies, or
issues that may potentially have an adverse effect on the data integrity.
These may include, but are not limited to the following:

* Lost sample
* Broken bottles
* Instrument malfunctions
* CLibration standards out of acceptable range
* Laboratory control standards out of acceptable range
* Matrix spike recovery out of acceptable range

ni- an .con-amina--F
* Procedural noncompliance
* Chain-of-custody discrepancies
* Shipping temperatures out of acceptable range
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- During-the reporting year 141 NCR/incident reports were transmitted. The
reports affect less than 5% of the results for the reporting year. There were

_98 reports transmitted from _he- hazardous cLenistry tboratory,__and__43 reports
-tnnsmttd--from the radi-ochemistry laboratory The reports have been
instrumental in identifying potential issues for laboratory surveillances.

The following is a breakdown of the NCR/incident reports submitted during
the reporting year by the hazardous chemistry laboratory: container received
brokerr- 33-eports4; temptraturcoutof compliance 17 reports; tC out of
control linits(2a-reports) incorrect sample preparation (g- reports); hold

-time-missed (5-reports), and-other-miscellaneous occurrences (I4-reports).

-The following is a-breakdown of the NCR/incident reports submitted during
the reporting year by the radiochemistry laboratory: Re-reported data
(19 reports); matrix effect problems (13 reports); lost in lab (7 reports);
and other miscellaneous occurrences (4 reports).

A.5 QUALITY ASSURANCE OCCURRENCES

A surveillance of the gross alpha, beta, and gamma scan analyses was done
in April -1993. Through- the survei'll'ance, it was discovered that there was a
need for the laboratory to update several procedures and calibrate the alpha
and beta gas proportional counters- An incident report was received during
the inspection that confirmed a laboratory error in reporting a select batch
of samples analyzed for total uranium. The error was a dilution factor not
incorporated into the final-data report. The surveillance also included a
followup to the 40k surveillance conducted during May 1992 (see Annual Report
for RCRA Groundwater Monitoring Projects-at Hanford Site Facilities for 1992,
Chpt. 1.4.5, DOE-RL 1993a). The gamma scan software was found to still give
false positives for the -K isotope. This does not affect the current
contract because 40K is no longer a reported analyte. However, if 40K is
requested in the future, the software must be corrected to ensure accurate
detrminatJonsof this isotope.

During the first-quarter of calendar year- (CY) -1992, an occurrence of 40K
was foundin field blank results. A surveillance of the gamma scan analysis
for 4uK was done on the primary radiochemistry laboratory in May 1992.
Through the surveillance, it was discovered that 40K results in the field
blanks were caused by naturally occurring 4"K in the background. The
background peak value was-not being subtracted in the analysis software, and
registered as a false positive. The laboratory contractor presented this
finding to the radiochemistry laboratory in a report-in August-1992. The

---radi-ocheistryilaboratory -respo-nded-with corrective action in September 1992.
The laboratory contractor accepted the correctiveaction of the radiochemistry
laboratory during March 1993. The corrective action was to flag all of the
affected *K data with the appropriate "XYZ" comment code for "estimated
concentration-background included, "andwritea, mtemo to file explaining the
40K data were calculated without the appropriate background subtraction. This
was implemented as of August 1993. This resolves the 40K inspection.
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An inspection of services of the hazardous chemistry laboratory was
conducted August 4-6, 1993. The inspection was in response to increasing
concern-for the quality of ICP metals data and as a followup on the previous
inspection of TOX. A summary of the inspection findings and observations is
provided in the following paragraph.

The inspection team found evidence supporting eight findings and three
observations, they are as follows;

Finding #1--Re-profiling of ICP instrumentation was found to have
occurred without the required recalibration.

Finding #2--For TOX analyses, instances were found when the B column was
greater than 10% of the total (of the A + B columns) without the required
reanalysis being performed.

Finding #3--Documentation of training for the TOX analyst was such that
it could not be determined that required training of the analyst to Rev. 1 of
IW-BA-9020 was accomplished before the analysis of samples by the analyst.

Finding #4--Data were misreported for TOX analyses.

Finding #5--The February 1993 MDL study included misreported data.

Finding #6--ICP data generated since implementation of-the February 1993
MDL study values have been misreported.

Finding #7--Noncompliances were found with the laboratory procedure
governing nonconformance reporting.

Finding #8--it was found that Type !I reagent water being used did not
comply with the-preparation requirements of ASTM procedure D1193-77 (1983).

Observation #1--Blank subtraction was not performed for TOX analyses as
per IW-BA-9020, Rev. 1.

Observation #2--The laboratory procedure was not being followed for
glassware cleaning.

Observation #3--Calibration standards associated with the ICP analyses
were being used past the expiration dates.

The above findings and observations were forwarded to the hazardous
laboratory and require a written response to addressing each issue.

A.6 LIMIT OF DETECTION, LIMIT OF QUANTIFICATION,
AND METHOD DETECTION LIMIT

The concentration at which an analyte can be detected depends on the
variability of the blank response. For purpose of this discussion, the
'blank' is taken to be a method blank. The limit of detection (LOD) is
defined as the iwest concentration level that can be determined to be
statistiCally diffent from a blank (Currie 1988). In general, it is
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calculated as the mean of concentration in the blank plus 3 standard
-- - deviations of--t--blank -(EPA- I987)--4h.-b-lan k -corrected 100 is simply three

times-the blank standard deviation. At 3 standard deviations away from the
blank mean, the false positive error rate (when an analyte is declared to be
present when in fact it is absent) is about 7% and the false negative error
rate (when an analyte is declared to be absent when actually it is present)
is -about 7% (Miller-and Miller 1988, P. 11r).

The limit of quantitation (LOQ) is defined as the level above which
quantitative results may be obtiined with a- specified degree of confidence
(Keith 1991). It is calculated as the blank mean plus 10 standard deviations
of the blank (EPA 1987). The blank corrected LOQ is 10 times the blank
standard deviation. The LOQ is most useful for defining the lower limit of
the -useful range of concentration measurement technology.-- When the analyte
signal is 10 times larger than the standard deviation of the blank
measurements, there is a 95% probability that the true concentration of the
analyte is ± 25% of the measured concentration. The LOD and LOQ are shown
graphically in Figure A-i. For purpose of illustration, the numbers appearing
in this figure are the respective blank mean, LOD, and LOQ for TOC (see
Table A-5).

The MDL is defined as the minimum concentration of a substance that can
be measured and reported with a 99% confidence that the analyte concentration
is greater than 0 and is determined from analysis of a sample in a given
matri -containing the analyte (Currie 1988) The MDL is 3.14 times the

---standard-deviation of-the-results of 7-replicates of alow-level--standard.
Note that the MDL as defined above is based on the variability of the response
of low-level standards rather than on the variability of the blank response.

or this RCRA annual report, only TOC and radionuclides field blanks data
are available for LOD and L00 determinations. Ihe field-blanks are qualitv
control samples that are introduced into a process to monitor the performance
of the system. The use of field blanks to calculate LOD and LOQ is preferred
because they measure the errors in the entire measurement system. Methods to
calculate LOD and LOQ are described in detail in DOE (1991, Appendix A). The
results are shown in Tables A-5 through A-19.

ecause-of-the-lack-of blanks data for other constitutes of concern, WHC
deemed it is -necessary to calculate approximated Ln ndi InQ values using
variability information obtained from low-level standards. As shown in
Figure A-1, the values along the horizontal axis are measured in unit of

A-in
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Figure A-1. Relationship of LOD and LOQ to Analyte Concentration.
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jab]eA-5. Groundwater Field Rlanks fata From DataChem
Laboratories Constituent: TOC.

Period Period __ Number Mean Standard LODa ILQa
Irn of 0ev.

from to samples (ppb) (ppb) (ppb) (ppb)

10/08/92 12/16/92 11 192.0 56.3 361 755

01/05/93 03/23/93 9 225.6 72.0 442 946

04/01/93 06/24/93 9179.3 63.1 369 810

07/14/93 09/20/93 11 195.0 51.0 348 705

10/08/92 09/20/93 40 200 60 380 800

tDO equals the blank mean-concentration piUs 3 times standard
deviation and LOQ equals the blank mean concentration plus 10 times standard
deviation.

0Excluding FTR (Full Trip Blank) #100 because it was flagged by a
laboratory nonconformance report.

cExcluding FTR w124 because of it had blank contamination.

Table-A-6. -Groundwater field Blanks Data From IT Analytical
Services Constituent: Antimony-125.

Period Period NumFr Mean Standard LOD8  LOQ'
from to samples (pCi/L) (pCi/L) (pCi/L) (pCi/L)

11/05/92 11/10/92 2 10.00 5.664 16.99 56.64

02/05/93 03/11/93 3 7.67 20.033 60.10 200.33

04/20/93 06/24/93 5 3.52 6.001 18.00 60.01

07/21/93 1 09/20/93 5 -754 6.081 18.24 60.81

11/05/92 09/20/93 15 1.53 10.12 30.36 101.2
0LOD (blank corrected) equals is

LOQ (blank corrected) equals 10 times
3 times blank standard deviation and
blank standard deviation.

A-12
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Table A-7. Groundwater Field Blanks Data From
Services Constituent: Cesium-137.

IT Analytical

Period
from

Period
to

Mean
(pCi/L)

Standard

'piL)

LOQa
(pCi/L)

Number LOD)
(pCi /Q)

11/05/92 11/10/92 2 1.87 2.269 6.81 22.69

02/05/93 03/11/93 a -1.88 .263 6.79 22.63

04/20/93 06/24/93 5 0.75 1.485 4.46 14.85

07/21/93 09/20/93 5 1.51 3.099 9.30 30.99

11/05/92 09/20/93 15 0.62 2.386 7.16 23.86

'LOD (blank corrected)-equals
LOQ (blank corrected) equals 10 ti

-is -3 times -blank standard deviation and
mes blank standard deviation.

Table A-8. Groundwater Field Blanks
-Services Constituent:

Data From
Cobalt-60.

IT Analytical

03/11/93 3

Period Period Number Mean StIndard LODa LOQ
rom +o (pCi/L) Ci/L) (pCi/L) (pCi/L)

11/05/92 11/10/92 2 -5.73 3.521 10.56 35.21

04/20/93 06/24/93 5 1 .32 6.125 18.38 61.25

07/21/93 09/20/93 5 0.54 2.579 7,74 25.79

11/05/92 09/20/93 15 -0.95 4-532 13.60 45.32

OLOD (blank corrected)
LOQ (blank corrected) equal

equals is 3 times blank standard deviation and
s 10 times blank standard deviation.

A-13
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DOE/RL-93-88, REV. 0

Table A-9. Groundwater Field Blanks Data From IT
Services Constituent: Gross Alpha.

Analytical

Period Period Mean Standard LODa LOQ8
from to samples (pCi/L) PCi/L) (pCi/L) (pCi/L)

11/08/92 12/17/92 12 -0.013 0.212 0.64 2.12

01/26/93

04/01/93

07/21/93 091302/3 U 0.080 0.147 0.44 1.47
11/08192 -09/3003 46 0.007 1n7c - .

07/21/I I W~-0/9 IV 1. time 1.76____
'LOD (blank corrected) equals is 3 times blank standard deviation and

LOQ (blank corrected) equals 10 times blank standard deviation.

Table A-10. Groundwater Field Blanks Data From IT Analytical
Services Constituent: Gross Beta.

Period Period Number Mean Standard LODa LOQ8
odof T ev.from to samples (pCi/L) C.i/L) (pCi/L) (pCi/L)

11/08/92 12/17/92 11 -0.007 0.602 1.80 6.02

01/2_6/_93 03/23/93 _9__ -0.962 2.158 6.47 21.58

04/01/93 06/24/93 13 -0.480 0.983 2.95 9.83

07/21/93 09/30/93 13 0.093 1.027 3.08 10.27

fl/QB/92 09/30/93 46- -0.299 1.245 344 12.45
__ L__, (ban I e)e l s 3 time ba sa rditnn
'LO (blank corrected) equals is 3 times blank standard deviation and

LOQ-1(blank rn,----------ls,'.tims blank standarddvain

Table A-11. Groundwater Field Blanks Data From IT Analytical
Servies -Corstituent: d-.129.

PeriodI Period Number Mean Standard LODa LO
from to - samles (iCi/L)_f (pCi/L) (pCi/L)

11/05/92 09/20/93 6 0.139 0.215 0.64 2.15

'LOD (blank corrected) equals is 3 times blank standard deviation and
-LOQ (blank corrected) equals 10 times blank standard deviation.

03/23/93

06/24/93

9 -0.059

-0.001

0.57

0.45

1.91

1.50

A-14
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Table A-12. Groundwater Field Blanks Data From IT
Services Constituent: Plutonium-238.

Analytical

Period
from

Period
to

Mean
(pCi/L)

LOD i
(pCi /L)

11/05/92 09/20/93 5 -0.002 0.004 0.011 0.036

'LOD (blank corrected) equals is 3 times blank standard deviation and
LOQ (blank corrected) equals 10 times blank standard deviation.

Table A-13. Groundwater Field Blanks Data From IT Analytical
Services ronstiLuent: Plutonium-239/240.

Period
fro

Period
to

Number
of

sampl es
Mean

(pCi/L)

Standard
Dev.

(pCi/L)

LOD8
(pCi /L)

11/05/92 J 09/20/93_ 5 1 0.008 J 0.019 0.058 0.192

'LOD (blank corrected) equals is 3 times blank standard deviation and
LOQ (blank corrected) equals 10 times blank standard deviation.

Table A-14. Groundwater Field Blanks Data From IT Analytical
Services Constituent: Radium.

eriod P eriod Number Mean Standard LODa LOQaof -ev - iimho

from to samples I(pC/LL pCi/L) (pCi/L)

10/08/92 11/12/92 6 -0.021 0.050 0.15 0.50

01/26/93 03/23/93 7 -0.043 0.023 0.07 0.23

04[08/93 06/24/93 8 -0.040 F 0-.028 0.08 - 0.28

07/22/93 09/20/93 9 0.050 0.072 0.22 0.72

10/08/92 09/20/93 30 -0.010 0.049 0.15 0.49

'LOD (blank corr
LOQ (blank corrected)

cted) equals is 3 times blank standard de
equals 10 times blank standard deviation.

viation and

A-15
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Standard

Dev.L)
LOQa

(pCi/L)

LOQa
(pCi /L)
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Table A-15. Groundwater Field Blanks Data From IT Analytical
Services Constituent: Ruthenium-106.

re AO Number USadr
Period Period Num Standard LOD0  LOQ"
from to s (pCi/L) (1 i '*L) (pCi/L) (pCi/L)

11/05/92 11/10/92 2 -20.30 8.202 24.61 82.02

02/25/93 03/11[93 3 -17.237 36.154 108.46 361.54

04/20/93 06/24/93 5 2.560 56.449 169.35 564.49

07/7/93 09/0/9 5 .-00 - 43 142.31 474.37

11/05/92 09/20/93 15 -6.301 47.125 141.38 471.25

'LOD (blank corrected) equals is 3 times blank standard deviation and
LOQ (blank corrected) equals 10 times blank standard deviation.

- - Table A-16- Groundwater Field Blanks Data From IT Analytical
Services Constituent: Strontium-90.

Period Period Number Mean Standard LOD8  LOQ8
from to ps (pCi/L) Dev.L) (pCi/L) (pCi/L)

10/15/92 11/10/92 3 -0:303 0.061 0.182 0.607

02/25/93 03/02/93 2 -0.340 0.052 0.157 0.523

05/11/9 06/24/93 4 -0.168 1 .183 0.549 1.829

08/10/93 09/20/93 3 0.102 u.110 - 0.330 1.101

i0/15/92 09/20/93 12 - -0.163 0.130 0.390 1.300

SLOD (blank-corrected)
LOQ (blank corrected) equal

equals-is_3 times
s 10 times blank s

blank standard deviation and
tandard deviation.

A-16
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Table A-17. Groundwater Field Blanks Data From IT Analytical
Services Constituent: Technetium-99.

Period Porinrl Number Mean standard LODE LW
-fro-- I f (ciL ev. 'pCi/L)- (prif/L)L _ _ t _ samples (pCi/L) I

10/13/92 11/10/92 _ 4 0.481 2.295 6.884 -22.945

01/28/93 _ _ 03/23-93 3 0.174 1.378 4.133 13.776

04/01/93 06/24/93 - 1.387 - 1.442 4.327 14.422
07/21/93 09/30/93 4 -0.194 1.116 3.347 11.157

10/13/92 09/30/93 14 0.4171 1.658 4.974 16.580

1 LOD (blank corrected) equals is 3 times blank standard deviation and
LOO (blank corrected) equals 10 times blank standard deviation.

Table A-18.- Groundwater -Field Blanks Data From IT Analytical
Services Constituent: Tritium.

Period Period Number Mean Standard LODa LOQa
from to ! of (pCi/L) Dev. (pCi/L)_ (pCi/L)

10/08/92samples ~ 5.2 (pCi/L)- ____ _____

10/08/92 12/17/92 10 150.52 164.502 493.51 1645.02

01/26/93 03/23/93 8 158.79 167.834 503.50 1678.34
04/08/93 06/24/93 11 97.64 93.360 280.08 933.60
07/14/93 09/30/93 14 58.55 88.311 264.93 883.11
10/08/92 09/30/93 43 108.59 127.024 381.07 1270.24

*LOD (blank corrected) equals is 3 times blank standard deviation and
LOQ (blank corrected) equals 10 times blank standard deviation.

Table A-19. Groundwater Field Blanks Data From IT Analytical
Services Constituent: Uranium.

Period Period Number Mean Standard LOD8  LOQa
from tLpi/L j DeV. (I/ -w Ci/L)

10/08/92 11/12/92 6 0.027 0.038 0.114 0.380

01/28/93 03/02/93 4 -0.002 0.122 0.365 1.218

04/01/93 06/24/93 5 0.043 0.061 0.184 0.612

07/21-193- 1920/93 -7 0.19 0.146 0.437 1.456

4O/5S/92 -- 22 --00 4 0.104 0.310 - - 1.040

A-17

aLan (blank corrected) equals is 3 times blank standard de
LOQ (blank corrected) equals 10 times blank standard deviation.
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'standard-deviation' of the measurement process (i.e., based on well-known
blank). If low-level-standards are -used,--the--variability of the difference

-between--the sample-and-blank-response is-increased by a factor of Vr
(Currie 1988, p. 84). The formulas are summarized below:

MDL - 3.14 * s

Lnn - P7 N W~
LUOl = 3*(9 *s

- 4.24 * s

LOQ - 10 * ( vr* s)
- 14.14 * s

where s denotes standard deviation from the 7 replicates of the low-level
standard.

The results of MDL, LOD, and LOQ calculations, for other constituents of
concern, are shown in Table A-20.

A.7 QUALITY CONTROL DEFINITIONS

Accuracy--The closeness of agreement between an observed value and a true
val-ue;- Accuracy is assessed by means of reference samples and percent
recoveries.

Blind sample--A sample that contains a concentration of analyte that is
known to the supplier but unknown-to the analyzing laboratory. The analyzing
laboratory is informed that the sample is a QC sample and not a field sample.
TIehblind, the double blind,-and-the-matrix-matched double blind samples are
used to assess accuracy and monitor the performance of the analytical
laboratory(ies) with prepared or purchased materials from EPA QC samples/
concentrates or primary materials.

Bottle briankk smpllthat-ctntains only Type 11 reagent water. The
bottle-blank-contains one sample for each bottle size, with at least enough
bottlesto include all constituents analyzed by a specific project, except
radionuclides. Bottle blanks shall be submitted to the primary laboratory
per lot-of bottles. _Bottle blanks-are filled in the analytical lahnrtnry
under the sample preparation procedures. Bottle blanks do not go into the
field.

Contractually required quantitation limit--A value intended to be the
lowest analyte concentration in a given matrix that the laboratory can be
expected to achieve consistently; agreed upon under the contract statement of
work.

A-18
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Table A-20. LOD and LOQ Calculations for Selected Constituents Based
Report"'" for LOW Level Standards. (sheet 1 of 3)

on MDL

Method name Constituent - I MDL LOD LOQ

ASTM D-2579-A Total carbon* 101.911 320 432 1,441

ASTM D-1067-A Alkalinity (ppm) -0.510 1.6n 2.162 7.206

ASTM D-1125-A Conductivity, lab NA NA NA NA
ASTR D-1293 pH, 12b IA A NA NAACTIItlZNA-~- NA,

ATM I= IR- miuttm 1n ..1., 1. 24 81

ASMD42-8 Bromide* 35.032 1 149 495

ASTM 0-4327-88 Chloride* 22.611 71 96 320

ASTM D-4327-88 Fluoride 13.694 43 58 194

ASTM D-4327-88

ASTM D-4327-88

Nitrate

Nitrite*

25.159

35.032

79

110

107

149

356

495
ASTM D-4327-88 -Phosphate* 1149.6821 470 635 2,117

ASTM D-4327-88

SW-846 6010

Sulfate

Barium
101.911

0.510_

320
1.6

432
2.2

1,441
7.2

SW-846 6010 Beryllium 0.605 1.9 2.6 8.6

SW-846 6010 Cadmium 0.510 1.6 2.2 7.2
SW-846 6010 Calcium 9.236 29 39 131

SW-846 6010 Chromium 1.911 6 8 27

SW-846 6010 Cobat 1,369 4 S.3 58 19.4

SW-846 6010 Copper 1.879 5.9 8.0 26.6

SW-846 6010 iron 3.185 10 14 45

SW-46-6010 Magnesium 11.783 37 50 167

SW-846-6010 Manganese 0.660 2.1 2.a 9.5
SW-846 6010 Nickel 3.503 11 15 50
S W-46 6010 Potassi Ur 95. 541 300 405 1,351

SW-846 6010 Sodium* 47.771 150 203 676
SW-846 6010 Vanadium 2.739 8.6 11.6 38.7
SW-Sar 6010 Zinc 1.338 4.2 5.7 18.9

SW-846 7060 Arsenic 0.131 0.41 0.55 1.85
SW-846 7421 Lead 0.541 1.7 2.3 7.7
SW-846 7470 Mercury* 0.030 0.094 0.127 0.423

A-19
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Table A-20. LOD and LOQ Calculations for Selected Constituents Based
Report" b for LOW Level Standards. (sheet 2 of 3)

on MDL

Method name [_Constituent Setd MDL LOD LOQ

SW-846 801/8020 1,1,1-Trichloroethane* 0.038 0 12 1 0.16 0.54

SW-846 8010/8020 1,1,2-Trichloroethane* 0.029 0.09 0.12 0.41

SW-846 8010/8020 1,i-Dichloroethane* 0.057 0.18 0.24 0.81

SW-846 8010/8020 1,2-Dichlotoethane* 0.038 0.12 0.16 0.54

SW-846 8010/8020 Carbon tetrachloride* 0.048 0.15 0.20 0.68

SW-846 8010/8020 Chloroform* 0.031 0.097 0.131 0.437
SW-846 8010/8020 Tetrachloroethene* 0.051 0.16 0.22 0.72
SW-846 8010/8020 Trichloroethene* 0.032 0.10 0.14 0.45
SW-846 8010/8020 Xylenes (totaTy -0.025 0.08 0.11 0.36
SW-846 8010/8020 Cis-1,2-Dichloroethylene* 0.041 0.13 0.18 0.59
SW-846 8010/8020 Trans-1,2-Dichloroethylene* 0.048 0.15 0.20 0.68
SW-846 8040 2,4,6-Trichlorophenol 0.510 1.6 2.2 7.2

SW-846-8040 - 2,4-Dichlorophenol .4-78 1.5 2.0 6.8
SW-846 8040 2,4-Dimethylphenol 1.306 4.1 5.5 18.5
SW-846 8040 2,6-Dichlorophenol 0.478 1.5 2.0 6.8

SW-846 8040 2-Chlorophenol 0.446 1,4 1.9 _ _ 6.3
SW-846 8040 2-Nitrophenol 0.573 1.8 2.4 8.1
cW-.r_8n4 2-sc=uty-4,6- 1.541 1 -7 2.3 7.7

dinitrophenol (DNBP)

SW846 8040 4-Chloro-3-methylphenol 0.860 2.7 3.6 12.2
SW-846 8040 4-Nitrophenol 1.083 3.4 4.6 15.3

SW-846 8040 Cresols 3.121 9.8 13.2 44.1

SW-846 8040 Pentachlorophenol 0.669 2.1 2.8 9.5

SW-846 8040- Phenol 0.099 0.31 0.42 1.40
SW-846 8040 Tetrachlorophenols 0.573 1.8 2.4 8.1
SW-846 8040 Trichlorophenols* 0.446 1.4 1.9 6.3
SW-846 8080 4,4'-DDD* 0.001 0.004 0.005 0.018
SW-846 8080 4,4'-DDE* 0.000 0.002 0.002 0.007
W-l 8080 14,4'T* . 0.001 0.002 0.005

SW-846 8080 Aldrin 0.007 0.022 0.030 0,099
SW-Q4A Q"80 [Beta,-Hc*j* -.- V o 0.001 0.002 0.006

A-20
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T-be A-20. LOD and LOO Calculations for Selected Constituents Based on MDL
Reporta b for LOW Level Standards. (sheet 3 of 3)

Method name Constituent S MDL LOD LOQ

SW-846 8080 fDieldrin* 0.001 0.002 0.003 0.009
-SW-846 8080 Endrin* 0.00 0.004 0.006 -0.019

i.-846 8080 Endrin aldehyde* 0.004  0.005  0.018

SW-846 8080 Heptachlor 0.005 0.017 0.023 0.077

SW-846 8080 Gamma-BHC (Lindane)* 0.000 0.002 0.002 0.007

SW-846 8140 Phorate 0.083 0.260 0.351 1.171

SW-846 8240 1,1,1,-Trichloroethane 1.338 4.2 5.7 18.9

SW-846 8240 1,1,2-Trichloroethane* 0.051 0.16 0.22 0.72

SW-846 8240 1,4-Dichlorobenzene 0.309 0.97 1.31 4.37

SW-846 8240 Acetone 1.433 4.5 6.1 20,3

SW-846 8240 Benzene* 0.035- -Oi1' -0.1 A.0

SW-846 8240 Carbon disulfide 0.573 1.8 2.4 8.1

SW-846 8240 Carbon tetrachloride* 0.350 1.1 1.5 1

SW-846-8240

SW-44z6-824O

Chlorobenzene

nlo roform*
0.261
0T054

0.82

0.17

1.11

0D.23

3.69

0.77

SW-846 8240 Ethylbenzene* 0.067 0.21 0.28 0.95

SW-846 8240 Methylene chloride* 0.025 0.077 0.104 0.347

SW-846 8240 Toluene* 0.038 0.12 0.16 0.54

SW-846-8240 ----- Trichloroethene 0.264 0.81  1.12 3.74

SW-846 8240 trans-1,2-Dichloroethylene 0.048 0.15 0.20 0.68
SW-846 8270 2-Nitrophenol 1.592 5 7 23

SW-846 8270 Phenol 0.892 2.8 3.8 12.6

SW-846 8270 Tris-2-chloroethyl phosphate 2.834 8.9 12.0 NA

SW-846 9010 Cyanide 0.194 0.610 0.824 2.747

SW-846 9020 Total organic halogen 1.-752 5.5 7.4 24.8

SW-846 9132 Coliforms, membrane filter' NA NA NA NA

Std Meth #209B Total dissolved solids NA NA NA NA

Std Meth #214A Turbidity (NTU) 0.006 0.02 0.03 0.09

USEPA HACH COD Chemical oxygen demand NA NA
'Hazardous Chemistry Laboratory August 1993 MDL Report.
bIn-unit of ppb unless nnted.CColonies/100 mL.

* - - 1 8A ni~,,;, I t.he standard) n k- rynd I

the estimated MDL.

NA NA

to 10 times
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Dail-y trip blank--A sample that contains only Type -IIreagent water. The
daily trip blank is used to check for sample contamination by volatile organic
compounds arising from conditions encountered during the collection of
samples. The daily trip blank is not opened in the field. One daily trip
blank is- collected for eachi day s amp..l iInnr occurs.

Double blind sample--A sample that contains a concentration of analyte
that is known to the supplier but is unknown to the analyzing laboratory. The
analyzing laboratory is not informed that the sample is a QC sample. All
attempts are made to make this sample appear like a field sample. For
example, the double blind sample should be submitted to the laboratory within
the same time period and with a sample identification number similar to that
of the field samples. The double blind sample does not include matrix
matching.

-- xternal quality control sample--Any QC sample-prepared without the
knowledge of the analytical laboratory.

- Field duplicate samplezAsample used to determine repeatability of an
analytical-measurement on identical samples collected as close as possible to
the same time at the same location. These samples are stored in separate
containers and are analyzed independently by the same laboratory.

Field transfer blank--A sample that contains only Type II reagent water.
The blank field transfer blank is used to check for sample contamination by
volatile organic compounds arising from conditions encountered during the
collection of samples. The field transfer blank is taken during the
collection of samples. The field transfer blank is filled at the sampling
site by pouring Type 1T reagent water from a cleaned container into a volatile
organic analysis vial. At least 1 field transfer blank is collected for each
20 samples, or 1 per sampling batch.

Full trip blank--A sample that contains only Type II reagent water and
preservat-i ve-- as- required-.- . A -full- tri-p bI an-k-i s -used-tv -check for
contamination in sample bottles and sample preparation. The full trip blank
is analyzed for all constituents of interest on all types of sample bottles
used during that sampling period. The frequency of collection for a full trip
blank is L per 2M samples, or 1 per sampling batch. A full trip blank is
filled in the analytical laboratory under the sample preparation procedures.
The full trip blank is not opened in the field.

-Internal quality control sample--Any-QC sample prepared by the analytical
laboratory and used to establish and monitor the quality of the analytical
laboratory.

Limit of detection--The lowest concentration level that is statistically
different from a blank. This is calculated by the average blank signal plus
three standard deviations for the blank analyses (see Appendix B for more
detail).

Matrix-matched double blind sample--A matrix-matched double blind sample
contains a concentration-of analyte that-is- known to- the Supplier but unknown
to the analyzing laboratory. The sample matrix has been altered to closely
match that of the field samples.
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Method detection limit--The minimum concentration of a substance that can
be measured and reported with 99% confidence that the analyte concentration is
greater-than-zero, and is determined from analysis of a sample in a given
matrix type containing the analyte.

--i nimum -ditectabIle concentration--Required level of analytical detection
for radiochemical samples.

PrecisIon--Th -agreement among a set of individual measurements of the
same property, usually under prescribed similar conditions. Precision is
caic1iated by using relative percent difference of the duplicate/replicate
analyses. These samples should contain concentrations of analyte above the
MDL and may involve the use of matrix spikes.

-Reliable detection level--A detection limit set at two times the
concentration of the MDL, so the risk of both false positives and false
neaatives falls below 1%.

Type II reagent water--Distilled or-deionized water that is free of
contaminants that may interfere with the analytical test in question.
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APPENDIX B

DATA EVALUATION

B.0 DATA EVALUATION

F. N. Hodges
Westinghouse Hanford Company

Data evaluation is a process through which suspect data are identified
and/or investigated. At present, the data evaluation process consists of the
investigation of Requests for Data Evaluations (RADE) and the statistical
evaluation of contamination indicator parameter data.

-The -evaliu-atios-of RADEs are discussed in the following section. The
statistical evaluation of contamination indicator parameters is discussed in
the various site-specific chapters.

tWStT-?fr AMiALYTICAL DATk-EAlUATION PROCEDURE

Suspect data called out in RADEs are evaluated in terms of the following
(WHC-CM-7-8):

Trending of historical data for the well in question

- Variations in contaminant distributions (i.e., plumes) that may
affect concentraI4Lons in the well in question

* Quality control data that may affect the data in question

* Laboratory data (i.e., chemist sheets) for the data in question.

As -a result of the RADEs, the data in question may be as follows:

* Determined to be acceptable

* Determined to be in error and corrected

* Permanently flagged as suspect data

* Permanently flagged as rejected data.

B.2- REQUEST-FOR-ANALYTICAL DATA EVIIIATTACN

- - A total-of 156 RADEs were submitted between September 1992 and
October 1993; 36 of the RADEs have been resolved. The RADEs submitted
involved most of the major analytical groups; however, over three-quarters
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of the total was accounted for by the following four constituent groups:
-Jly total-organic -halogen, -() -tnductively coupled-piasma metals, -(3)-field
parameters, and (4) radionuclides (Figure B-1).

B.2.1 Total Organic Halogen

This constituent group received the largest number of RADEs. The RADEs
for total organic halogen are clearly the result of laboratory problems, as
indicated by two laboratory audits (see Appendix A). Resolution of the RADEs
concerning total organic halogen await resolution of problems at the DataChem
Laboratory.

B.2.2 Inductively Coupled Plasma Metals

Thirty-two RADEs for inductively coupled plasma metals address suspect
values for 19 elements. There does not appear to be a systematic error and
evaluation will depend on laboratory records.

B.2.3 Field Measurements

Thirty-one-RADEs-involve measurements-of pHkand-conductivitv made by
field samplers, and usually reflect values that-are -unusually higher or lower
than historical trends for a particular well._ This represents__a long-term
recurrent problem with field calibration and measurement and at this time
there is little that can be done other than flag the numbers as suspect data.

B.2.4 Radionuclides

Eleven RADEs were submitted concerning radionuclide analysis. These
RADEs seem to represent a random collection of out-of-range data and do not
indicate systematic problems with the analyses. These data are being
re-evaluated by the laboratory.

B.2.5 Others

The remainder of the categories reflect a variety of problems, most of
which can be resolved only through the examination of laboratory records.
Examples il this category include total-organic carbon, anions, volatile
organics, metals analyzed by graphite furnace AA- (lead, arsenic,-selenium),
and ammonium.

B.3 REFERENCES
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APPENDIX C

STATISTICS

C.0 INTRODUCTION

C. J. Chou
Westinghouse Hanford Company

Statistical evaluations for the past year consisted of: (1) establishing
background levels for various Resource Conservation and Recovery Act of 1976
(RCRA) facilities that completed collecting four quarters of monitoring data
(e.g. , 100-D Pond) C2) -re-establ isting -background -levels for -several -RCRA
facilities (e.g., 1325-N and Low-Level Waste Management Area 4) to reflect
changes in the groundwater flow direction and/or the installation of new
upgradient well(s); (3) continuing evaluation of RCRA facilities' impact on
the quality of groundwater for those facilities operated under the indicator
parameter evaluation program status; and (4) required statistical evaluations
for the Solid Waste Landfill (SWL). The following provides a general
description of the statistical method and results of statistical evaluations
for- the-RCPA facilities that are regulated under Washington- Administrative
Code (WAC) 173-303. The statistical method and results of statistical
evaluations for-the-SWL-are-described-in the-SWL section of this report
because the activities of the SWL are covered under WAC 173-304.

C.1 STATISTICAL METHOD

The statistical method used to summarize background data is the averaged
replicate (AR) t-test method as described in Appendix B of the Resource
Conservation and Recovery-Act (RCRA) Groundwater Monitoring Technical
Enforcement Guidance Document (TEGD) (EPA 1986) and Chou (1991). The
AR t test-metbod-.for-eachcontamintinn_ ndiratnr parameter. is calculated

-par mete - - -- -

as:

t (i -by/S * 11bs0

w here:

t - Test statistic
- Average of replicates from the ith monitoring well

x - Background average
S - Background standard deviation
nb - Number of background replicate averages.

The Technical--Enforc-ment Guidance Document states that there is a
statistically significant indication of contamination-if-the test statistic is
larger than the Bonferroni critical value (ta), i.e., t > t . These

-Bonferroni--critical values -depend on the overall false-positive rate required
for each sampling period (i.e., 1% for interim status), the total number of
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wells in the monitoring network, and the number of degrees of freedom (nb - 1)
associated with the background standard deviation. Because of the nature of
the-test statistic in the- above equation, results- to be compared to background
do not contribute to the estimate of the variance. The test can be
reformulated, without prior knowledge of the results of the sample to be
compared to -ackgrAn-(-.i a_ ), in such 2 way that- a critical mean (CM)
can be obtained:

CM = K_ + tc * St * J/( 1 + 1 /nb) (one-tailed) . (2)

CM = x± +_t% * S. * J.f1+TnT (two-tailed) . (3)

For pH, a two-tailed CM (or critical range) is calculated and a one-
tailed CM is calculated for specific conductance, total organic carbon (TOC),
and total organic halogen (TOX). The CM- (or range, for pH) is the value above
which (or above/below in the case of pH), a compared value is determined to be
statistically different from background. TOX data were not statistically
evaluated because problems associated with TOX analyses (found in the
Innnmber 1992 audit) have not been corrected. Statistical evaluation of TOX
data will be provided when the laboratory problems are resolved.

Most of the measured values for TOC, from upgradient (background) wells,
were less than the contractually required quantitation limit (CRQL) of-t-0-ppb for DataChem-taboratories. Esti"tates f te backround standard
deviations cannot be-obtained because of-laboratory reporting practices. Also
a new hazardous chemical laboratory contract became effective during the past
year. In the old contract (before April 26, 1993), these values were reported
with the CRQL value followed by a 'U' qualifier. In the new contract (after
April 26,_1993)}results belowCRQL but-above the method detection limit (MDL)
of 200 ppb are reported with the measured value followed by an 'V' qualifier.
Results below the MDL are reported with the MDL value followed by a
'U' qualifier. The lack of estimates of background variability precludes the
determination of TOC critical means for various RCRA facilities that just
completed the required four quarters of background monitoring. In this case,
a limit of quantitation (LOQ) will be used as the upgradient/downgradient
tomparisan value. The LOQ for TOC was calculated to be 800 ppb using
1993 field blanks data (see Appendix A).

-fin&ly if the C1ri1atPdI ritica1 ranq (fnr oH) was outside the
chemically possible range [0, 14] or too large to be meaningful due to the
requirement of using four quarters of data to establish background
(e.g., 2101-M Pond, LERF), the upgradient/downgradient comparison value shall
be the revised critical range using all available data. The expansion of the
backoroundata set to J clude morethaa 1 year's data provides a hbtter
estimate of background meanand backgroundstandard deviation. More
importantly, it increases the number of degrees of freedom associated with the
background standard deviation. Other things being equal, a smaller te value
and a narrower critical rangeforpH would-result. Jhis-approach is creferred
as it complies with the requirements and the spirit of regulations.
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C-. RFSITS OF STATTSTTCAI FVAIUATIONS

-During- the past year-two RCRA- facilities, single-shell tank--Waste
Management Areas T and TX-TY, were shifted to assessment-level monitoring
program status because of elevated specific conductance found in downgradient
wells 2-W10-15, 2-W10-17, and 2-W14-12, respectively. It has not been
determined that the high specific conductance found in wells 2-WIG-15,
2-W10-17, and 2-W14-12 is due to contamination from these two waste management
artase_ Influence from other sources could exist e.g., 216-T-5 through
216-T-25 Trenches; see Johnson [1993], Figure 5-37 ). A single groundwater
quality assessment plan was prepared and submitted to the Washington State
Department of Ecology to address the possible causesforthe elevated specific
conductance in the downgradient wells (Caggiano and Chou 1993).

Specific conductance also exceeded the critical mean at downgradient
well 2-E25-33 of the Grout Treatment Facility. Specific conductance for this
well has been historically above the CM. Because no hazardous waste has been
disposed at the Grout Trotbfment Facility, the source of the elevated specific
conductance must be some other disposal site (see discussion in Section 4.4).
An alternate method of monitoring specific conductance at this well is under
consideration (e.g., the use of an intrawell control chart). There is no
exceedance of CMs in other RCRA facilities. Detailed statistical evaluations
-can be-found in -sections designated for each RCRA facility of this report.

C.3 BACKGROUND TABLES

This section contains detailed background information for those RCRA
facilities that have:

* Completed collecting the four quarters of monitoring data to
establish background levels for the first time

* Revised background levels because of changes in the groundwater flow
- directton-andtor -installation -of ew-pqradient WeII S).

For each facility, three tables are provided (Tables C-1 through C-24). They
are: (1) the-table listing input data for background well(s); (2) the table
containing background replicate-averages; and-3) the table presenting the
background summary statistics.
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Table C-1. Background Contamination Indicator Parameter Data
for the 100-D Pond. (page 1 of 2)

Well Sample Dupi. Specific Field
Name Date Sample Conductance pH TOC TOXP

Number smho/cm ppb ppb
1/700w .20.148. 5s 1000/. 10/.

1-05-13 04/16/92 1 251 8.01 1000"

1 1_ 2 249 8.03 1000"

-1_ 3 253 8.02 100 _ _

4 253 8.02 1000"

1-D5-13 06/03/92 1 346 7.96 1000 _

2 1 352 7.95 1000

1000

4 34a -7s-9-5 Jloo011

-5-13 09/02/92 1 301 8.07 1000

2 311 8.06 1 000 _

3 3028.06 1000U

4 303 8.05 IOOOU

-1-D5-13 -12/14/92 - 226 8.22 fW00-
1000U224

346

2 8.23

3 224 8.23 100ou

4 225 8.23 100oU
The column headers consist of: Constituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

-Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

"denotes potential problem associated with data quality. Values are
not reported.

C-5

3 7.96



DOE/RL-93-88, REV. 0

Table C-1. Background Contamination Indicator Parameter Data
for the 100-D Pond. (page 2 of 2)

Dupl.
Sampi e
Number

1

Specific
Conductance
Mmho/cm
1/700w

252

Field
pH

0.01/8.5s

8.08

TOC
ppb

1000/.

TOXP
ppb
10/.

lass

1000u

2 252 8.10 1000"

3 252 8.09 1000u

4 253 8.09 1000u
Th rnaumn readers consist of: Constituent Name; Analyi Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w -based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
udenotes that -analyte concentrati-n -is below -r- - . Reported values
were analytical laboratories' CRQL.

Pdenotes potential problem associated with data quality. Values are
llB V _,_u L-U.
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Table C-2. Average Replicate-Statistics--Background
Data for the 100-D Pond.

Indicator- Parameter

Constituent Well Sample n Average Standard CV,
(Unit) Name Date I Deviation I %M

Specific
Conductance

1-D5-13

1-D5-13

1-D5-13

04/16/92

06/03/92

09/02/92

4

4

4

251.50

346-71

304.25

1.915

3.775

4.574

0.76

1.09

1 .50
1-45-13 12/14/92 4 224.75 0.957 0.43

r-DS-13 03/09/92 4 252.25 0.500 0.20

Field 1-05-13 04/16/92 4 8.020 0.008 0.10II PH 1-05-13 06/03/92 4 7.955 0.006 0.07

1-D5-13 09/02/92 4 8.060 0.008 0.10

1-05-13 12/14/92 4 8.228 0.005 0.06

1-05-13 -03/09/92 4 8.090 0.008 0.10

TOC 1-DS-13 04/16/92 4 500" N.A. N.A.
(ppb) 1-D5-13 06/03/92 4 500u N.A. N.A.

1-05-13- 09/02/92 4 __0_ N.A. N.A.

--- 1-05-13 AZ/14/92 4 S00! - N.A. N.A.

1-D5-13 03/09/93 4 500u -N.A. N.A.

TOX 1-D5-13 04/16/92 4 N.C. N.C. N.C.
-- 145-13 06/03/92 4 N.C. N.C. N.C.

I-D5-13 09/02/92 4 N.C. N.C. N.C.

1-05-13 12/14/92 4 N.C. N.C. N.C.

1-05-13 403/09/92 4 N.C. N.C.
Note: Summary statistics calculated

four replicate values.
from only those samples that had

Numbers were calculated using values below CROL by replacing such
values with half of the respective CRQL.

N.A. - not available.
N.C. - not calculated.

C.V. - coefficient of variation.

C-
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Table C-3. Background Statistics--Contamination Indicator Parameter
Data for the 100-D Pond.

H Units I I -Background Begor
Wzten-I UntF1 standardI i - Javerage -deviation C.V. (%)

Specific smhos/cm 5 275.90 48.976 17.75
conductance

Field PH 5 8.070 0.101 1.25

TOO ppb 5 500 N.C. N.C.

TOX IS ppb N.C. N.C. N.C. N.C.

lnine: Summary statistics calculated from only those samples that had
replicate values.

'Background summary statistics for TC were calculated using values
be-ow-CRQL and replacing them with half of the CRQL.

bBackground summary statistics for TOX are not calculated due to
problems related t At. quality.

N.C. - not calculated.
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Table C-4. Background Contamination Indicator Parameter Data
for the 1325-N Liquid Waste Disposal Facility.

Well Sample Dupl. Specific Field
Name -Date Sample Conductance H

Number I pmho/cm ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

1-N-74 05/28/92 1 500 7.90 1000u

2 1 502 7.91 1000"

3 501 7.91 1000 ,

4 500 7.90 10000

1-N-74 08/04/92 1 513 7.93 100' _

2 512 7.92 1000u

3 513 7.93 1000

4 512 7.92 1000

1-N-74 11/20/92 1 510 7.94 1000

2 512 7.94 1000

3 512 7.96 1000u

4  512 7.96 100 1
1-N-74 03/24/93 1 486 8.18 100OO

2 479 8.16 l000U

3 481 8.18 1000u

4 483 8.21 IOOOU
The column headers consist of: Constituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
-Part 143, NationalSecondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

"denotes potential problem associated with data quality. Values are
not reported.
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Table C-5. Average Replicate Statistics--Background Indicator Parameter

Note:

Data for the 1325-N Liquid Waste Disposal Facility.

Summary statistics calculated from only those samples that had
four replicate values.

Ntumbers- were~-c 1-at2-using values below CRQL by replacing such
values with half of the respective CRQL.

N.A. - not available. C.V. = coefficient of variation.
N.C. = not calculated.

C-10

Constituent Well Sample n Average Standard C.V.
(Unit Name Date Deviation (%

Specific 1-N-74 05/28/92 4 500.75 0.957 0.19
Conductance
(Cmho/cm) 1-N-74 08/04/92 4 512.50 0.577 0.11

1-N-74 - 1/20/92 4 511.50 1.000 0.20

1-N-74 4 482.25 2.986 0.62

FHeld 1-N-74 05/28/02- 4 7.9 1 0.006- n. A,

1-N-7 /04/9? __ 92_ 0.006 - 0.07

1-N-74 11/20/92 4 7.950 0.012 0.15

1-N-74 013/241,3 4 8.182 [ 0.021 0.25

TOC 1-N-74 05/28/92 4 500u N.A. N.A.
(ppb) 1-N-74 08/04/92 -4 50 U N.A. N.A.-

1-N-74 11/20/92 4 500U N.A. N.A.

1-N-74 03/24/93 4 500U N.A. N.A.

TOX 1-N-74 05/28/92 4 N.C. N.C. N.C.
(ppb) 1-N-74 - I /04/92 4 ,.C. N I N.'

74 11/20/92 4 N.C. N.C. N.C.

S 1-N-74 j 03/24/93 4 N.C. N.C. N.C.
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Table C-6. Background Statistics--Contamination Indicator Parameter
Data for the 1325-N Liquid Waste Disposal Facility.

Constituent Units Background Background... average standard Background
_deviation C.V.

Specific ymhos/cm 4 501.75 14.046 2.80
conductance

Field pH 14 7.991 0.129 1.61

TOCa ppb 4 500 N.C. N.C.

TOXb ppb N.C. N.C. N.C. N.C.
Note: Summary statistics calculated from only those samples that d

replicate values.

aBackground summary statistics for TOC were calculated using values
below CRQL and replacing them with half of the CRQL.

bBackground summary statistics for TOX are not calculated due to
problems related to data quality.

N.C. - not calculated.
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Table C-7. Background Contamination Indicator Parameter Data
for the 216-B-63 Trench. (page 1 of 5)

Wall Sample Dupl. Specific Field
Name Date Sample Conductance pH TOC TOXP

-- -- Number mko/cm pnb ppb
0/7109 _54 K 1L8.5s InO/, _

2-EZ71 071084192 - -- 354 8.07 1000"

_ ,00-
7)

3

--354

354

8.07

8.07

boo-u
1 0 0 u

4 353 8.07 100ou

2-E27-11 10/09/92 1 350 -8.05 1000

2 349 8.01 1000_

3 348 7.99 1000

4 347 8.00 1000

2-E27-11 01/22/93 1 371 8.26 1000u

2 374 8.26 1000

3 377 8.27 1000 _

4 378 8.27 1000,

2-E27-11 07/14/93 1 390 7.93
ii I 4 ... 4 4

2

3

388

389

7.93

7.92

389 7.91 400'

The column neaders-consist of.Constituent Name;
Contractual Required Quantitation Limit/Drinking

Analysis Units; and
Water Standard (suffix)

Suffix s - based on Secondary Maximum ContaminantAevels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w = based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

Ldenotes that analyte concentration is above MDL but below CRQL.

Pdenotes potential problem associated with data quality. Values are
not reported.

C-12
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Table C-7. Background Contamination Indicator Parameter Data
for the 216-8-63 Trench. (page 2 of 5)

Well
Name

Sample
Date

Dupl.i
Sample
Number

Specific
Conductance
pmho/cm
1/700w.

Field
pH

0.01/8.5s

TOC
ppb

1000/.

TOX'
ppb

10/.

2-E27-8 07/14/92 1 360 7.98 1000_

2 357 7.97 1000u

3 356 7.97 1000U

4 361 7.97 10000

2-E27-8 10/15/92 1 354 7.97 1000-

1 352 7.97 1000u
A 348 7.99 1000"

U P I - , _ I

2-E27-8 1 01/22/93 I 409 7.92 1000u

2 410 7.90 Qooou
3 409 7.89 1000u

4 411 7.88 1000w
2-E27-8 04/20/93 1 440 6.43R 1000_

2 440 6 .4 7 R 1000u

1 3 439 6.52"R 1000u

4 439 6.52 R 1000

The column headers consist of: Constituent Name;
Contractual--Required-Quantitation Limit/Drinking

Analysis Units; and
Water Standard (suffix)

Suffix s - based __Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAC-248-54, rublic Water Supplies

Data flag:
udenotes that analyte concentration is below CRQL. Reported values
w-- - nl- - -tical laboratnript' CRnL.

Pdenotes potential problem associated with data quality. Values are
nnt rponn+a.

---- -denotes-data- are rejected as- a result of the RADE process.

C-i 3
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Table C-7. Background Contamination Indicator Parameter Data
for the 216-B-63 Trench. (page 3 of 5)

Well Sample Dupl. Specific Field
Name Date Samp-le- CnnAuctwnro nW TAC TIr

Number psmho/cm ppb ppb
1/700w 0.01/8.5s 10 10/.

2-E27-9 07/08/9 2  1 441 7.90 1000u

I 41 7.90 1000"

3 439 7.91 1000u

4 439 7.91 1000u

2-E27-9 10/08/9Z 1  439 - - 8.03 1000L

1 2 436 8.04 1000

S_438 8.15 1000

4 438 8.05 1000u

2-E27-Q9 12/28/92 V

I,

447

452
8.01

A . ^

3 456 8.03

4 455 8.03

2-E27-9 01/22/93 1 441 7.96 1000u

2 447 7.95 1000 _

S444 7.96 1000u

4 449 7.95 10004

2-E27-9 04/20/93 1 458 7.30 100ou

2 457 7.31 1 000_

3

4

457

457
The column headers consist of: Constituent Name;
Contractual Required Quantitation Limit/Drinking

7.34

7.34
1000u

1000u
Analysis Units; and
Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Partj143, National Secondary Drinking Water Regulations

---- based on- additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

Pdenotes potential problem associated with data quality. Values are
not reported.

C-14
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Table C-7. Background Contamination Indicator Parameter Data
for the 216-B-63 Trench. (page 4 of 5)

Well Sample Dupl. Specific Field
Name Date Sample Conductance pH TOC TOXP

Number Amho/cm ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

24E3A4-n 0 /17792 _ _ __ 8.01 1000 _

2 258 8.01 1000"

3 255 8.00 1000"

4 257 8.01 100 2
2-E34-10 10/20/92 1 294 7.99 1000 U

2, 296 7 .f9n 1000U

295 .G8o0 1000-

4- Z97 7.99 100 I
2-E34-10 01/22/93 1 269 8.08 10 00 U

2 272 8.08 1000"

3 277 8.08 100O I
4 280 8.07 100u

2-E34-10 04/20/93 1 333 7.79 100u
____n_ q12 I Onui 1C 1 _331 7.81 10 O

3 331 7.83 1000

4 331 7.84 1000"
The-column eaders rnnsict nf: r"nstituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix s -- based on Secondary Maximum-Contaminatnt-Levels-i-n 40 CFR
Part 143, National Secondary Drinking Water Regulations

w a based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

Pdenotes potential problem associated with data quality. Values are
not reported.

C-15
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Table C-i. Background Contamination Indicator Parameter Data
for the 216-B-63 Trench. (page 5 of 5)

Well Sample Dupl. Specific Field
Name Date Sample Conductance pl-- TOC TO

Number j mkjm 100ppb- pp
1/700w 0.01/8.5s 1000/. 1/

2-E27-17 070/92 1 352 8.08 _ _ _0_

2 J 350 8-05 100 "

3 347 8.06 100OO

4 350 8.05 1000

2-E27-17 10/09/92 1 326 7.9 1000_
2

3

329

329

7.95

7.93i

1000u

iuuu-
1 4 329 7.98 1000u

-2E27-17 0 1/ 22/ 93 2 308 8:40 -100OU

2 309 8.28 100O

3 -2- 8.24 lOOO
t 4 314 8.22 10000

2-E27-17 04/20/93 1 352 7.91 100"O

2 352 7.91 1000 _

3 352 7.92 1000u
- . * 4 _ _ _

4 352 7.91 ioo&0
1 ~~~ ~ ~ 79 ______ _____I_______The column headers Consist of: Constituent Name;

Contractual Required Quantitation Limit/Drinking
Analysis Units; and
Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w--- based on- additiona-l- Secondary Maximu -C-ointamirrant- Level s in
WAC 248-54, Public Water Supplies

Data flaa:
-- -enotes that -analyt-e concentration is below CRQL. Reported values

were analytical laboratories' CRQL.

Pdenotes potential problem associated with data quality. Values are
not reported.

C-16
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Table C-8. Average Replicate Statistics--Background Indicator Parameter
Data for the 216-B-63 Trench. (page 1 of 5)

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date Deviation

Specific 2-E27-11 07/08/92 4 353.75 0.500 0.14
Conductance 2-E27-UI 10/09/92 4 348.50 1.291 0.37(gmho/cmf) I

2-E27-11 01/22/93 4 375.00 3.162 0.84

2-E27-11 07/14/93 4 389.00 0.816 0.21

Field 2-E27-11 07/08/92 4 8.070 0 0
pH 2-E27--L - 10/09/92 4 8.012 0.026 - 0.33

2-E27-11 01/22/93 4 8.265 0.006 0.07

2-E27-11 07/14/93I 4 7.922 0.010 I 0.12
TOO

t.n*~
"'Pu

2-E27-11 10/09/92 4 50OU N.A. N.A.

2-E27-11 01/22/93 4 500u N.A. N.A.

2-E27-11 57. 735 12 .83a - . .- , .

2-E27-11 10/09/92 4 N.C. N.C. N.C.

2-E27-11 01/22/93 4 N.C. N.C. N.C.

07/14/932-E27-11

TOX
(ppb)

Note: Summary statistics calculated
four replicate values.

2-E27-11 07/08/92

07/14/93

07/08/92

4

4

4

4
from only those samples that had

N.C.

N.C. N.C.

N.A.

N.C.

uNumbers-were-calculated usina values below CROL by replacing such
values with half of the respective CRQL.

Ldentes a-nlytt concentration is- above MDL but below CRQL.

N.A. = not available. C.V. = coefficient of variation.
N.C. = not calculated.

C-17

2-E27-11 57.735 12.83

2-E27-11 N. C. N. C.
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Table C-8. Average Replicate Statistics--Background Indicator Parameter
Data for the 216-B-63 Trench.

2-E27-8

2-E27-8

07/14/92

10/15/92

4

4

(page 2 of 5)

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date Deviation

Spcific 2-E27-8 -G7/14/92 4 3O.50 .a3ou 0.66

g mho6rcL d 2-E27-8 10/15/92 4 350.75 2.754 0.79

2-E27-8 01/22/93 4 409.75 0.957 0.23

2-E27-8 4 /20 93 4 439.50 0.577 0.13

Field
pH

2-E27-8 01/22/93 4 7.898 0.017 0.22

2-E27-8 0.044' 0.67'- = I * =

TOC 2- E2 7-8 07/14/92 4 N.A. N.A.- k 4 ~--II.

2-E27-8 01/22/93 4 500u N.A. N.A.

500u

TOX 2-E27-8 07/14/92 4 N.C, NC. N.C.
(ppb) rr

2-E27-8 10/15/92 4 N.C. N.C. N.C.

2-E27-8 01/22/93 4 N.C. N.C. N.C.

2-E27-8 04/ I. *0/'93-1 4 .CN.C. N.C.
Summary statistics calculated from only
flour replicate-values.

04/20/93

14/15/92

04/20/93

4

4

4

those samples that had

7.972

7.980

6.485'

0.005

0.012

N.A.

0.06

0.14

uNumbers were calculated using values below CRQL by replacing such
values with half of the respective CRQL.

RData are rejected as a result of the RADE process. Data will not be
used to calculate the background summary statistics.

N.A. = not available. C.V. = coefficient of variation.
N.C. = not calculated.

C-18

Note:

2-E27-8 0.044R 0. 67R

2-E27-8 07/14192 4 500u N. A. N.A.TO
(ppD) N.A.500-

2-E27-8 N.A. N.A.
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Table C-8. Average Replicate Statistics--Background Indicator Parameter
Data for the 216-B-63 Trench. (page 3 of 5)

Field
pH

2-E27-9

2-E27--9

2-E27-9

4
A

4

7.905

8-068

8.022

0.006

1. 056

0.010

0.07

r, c.rrn *

0.12

Constituent Well Sample n Average Standard C.V.
(USit) Name Date Deviation

Specific 2-E27-9 07/08/92 4 440.00 1.155 0.26
Conuctance i 2-E27-9 10/08/92 4 437.75 1.258 0.29

2-E27-9 - 12/28/92 2 4 452.50 4.042 0.89

2-E27-9 01/22/93 4 445.25 3.500 0.79

------------ - 2-E27-9 04/20/93 4 457.25 0.500 0.11

07/08/92

10/08/92 -

12/28/92

(ppb) 2-E27-9

2-E27-9 01/22/93 I 4 I N.C. N.C. N.C.

2-E27-9 01/22/93 4 7.955 0.006 0.07

2-E27-9 04/20/93 4 7.322 0.021 0.28

TOC 2-E27-9 07/08/92 4 50O N.A. N.A.
(ppb) 2-E27-9 10/08/92 4 500u N.A. N.A.

2-E27-9 01/22/93 4 5000 N.A. N.A.

2-E 7-V 04/20/93 4 500 N.A. N.A.

TOX 2-E27-9 07/08/92 4 N.C. N.C. N. C.

10/08/92 4 N. r N. C.

Note, Summary -statisti-cs calculated
four replicate values.

04/20/93 4
from only those samples that had

N.C.

UNumbers were calculated using values below CRQL by replacing such
values with half of the respective CRQL.

N.A.- = not availablel.
N.C. = not calculated.

C4. = coefficient of variation.

C-19

2-E27-9 N.C. N. C.
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Table C-8, Average Replicate Statistics--Background Indicator Parameter

Constituent
(Unit}

Sped fic
Conductance
(,umho/cm)

F ield
pH

Data for the 216-B-63 Trench.

Well
Name

2-E34-10

Sample
Date

n

07/17/92 4

(page 4 of 5)

Average
* ; =

Standard
Deviation

C.V.
(%)

0.55257.00 1.414

2-E34-10 10/20/92 4 295.50 1.291 0.44

2-E34-10 01/22/93 -4 2-4.50 4.933 1.80

2-E34-10

2- E34-10

04/20/93

07/17/92

4

4

332.00

8.008

1.155

0.005

0.35

0.06

2-E34-10 10/20/92 4 7.992 0.005 0.06

2-E34-10 01/22/93 4 8.078 0.005 0.06

2-E34-10 04/20/93 4 7.818 0.022 0.28

TOC 2-E34-10 07/17/92 4 500u N.A. N.A.
N'P'' 2 _E34-D 10/2-a/92 I !2 N.A. j N.A.

2-E34-10 01/22/93 4 500 N.A. N.A.

2-E34-10 04/20/93 4 560" N.A. N.A.

TOX 2-E34-10 07/17/92 4 N.C. N.C. N.C.
(pp) 2-E34-10 10/20/92 4 N.C. N.C. N.C.

2-E34-10 01/22/93 4 N.C. N.C. N.C.

2-E34-10 04/20/93 4 N.C. N.C. N.C.
Note: Summary statistics calculated from only those samples that had

four replicate values.

UNumbers were calculated using values below CRQL by replacing such
Values with half of the respective CRQL.

N.A. - not available. C.V. = coefficient of variation.
N.C. = not calculated.

C-20
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Table C-8; Average Reolicate Statistics--Background Indicator Parameter
-Data for the-21-&-B-63 Trench. (page 5 of 5)

Constituent Well Sample n Average Standard C.V.
(Un it Name Date -7 Deviation (%M

Specific 2-E27-17 07/07/92 _ 4 349.75 2.062 0.59

(pm;/cm) 2-E27-17 10/09/92 4 328.50 1.500 0.46

2-E27-17 01/22/93 4 310.75 2.754 0.89

1_____________ 2-E27-17 1_2 g3 4 35.0 0 0____

Field
pH

2-E27-17 07/071/92 4 v.060 0.014 0.18
2-E27-17 10/09/92 4 7.948 0.024 0.30

2-E27-17 j 01/22/93 - 4 1 8.285 j 0.081 0.97

2-E27-17 04/20/93 4 7.912 0,005 0.06

TOC 2-E27-17 07/07/92 4 50O N.A. N.A.
(ppb) - 2-E27-17 10/09/92 4 50OU N.A, N.A.

2-E27-17 01/22/93 4 500U N.A. N.A.

2-E27-17 04/20/93 4 500u N.A. N.A.

TOX 2-E27-17 07/07/92 14 N.C. N.C. N.C.
(ppb) II1I NC..C2-E27-17 10/09/92 4 N.C. N. C. N.C.

2-E27-17 01/22/93 4 N.C. N.C. N.C.

____ 2027-17 4'/20/93 4 .C. N. N.C.Noe:- -Sumry2-sistc- ca cZu-I.C. NC
Note: -Summary-statistics calculated

four replicate values.

1Numbers were calculated using values be
values with half of the respective CRQ

-N.A. not available. -- C.V. w coeff
NM4 not calculated.

from- only those samples that had

elow CRQL by replacing such
L.

icient of variation.

C-21
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Table C-9. Background Statistics--Contamination Indicator Parameter
Data for the 216-B-63 Trench.

Constituent --OUirtr- n
Background
average

Background
standard
deviation

Background
C.V. 0%)

Specific ---mhos/cm 21 369.393 60.192 16.29
conductance -

Field pH 20 7.975 0.190 2.38

TOC ppb 20 500 N.C. N.C.

TOXb ppb N.C. N.C. N.C. N.C.

Summary statistics calculated from
replicate values.

only those samples that had

'Background summary statistics for TOC were calculated using values
below CRQL and replacing them with half of the CRQL.

bBackground summary statistics for TOX are not calculated due to
problems related to data quality.

N.C. m not calculated.

C-22
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Table C-10. Background Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 4. (page 1 of 4)

Well Sample Dupl. Specific Field
Name Date Sample Conductance pH TOC TOX

Number pmho/cm ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

2415-16 10/06/88 - - 552 7.70 500# 2,030*

1 55 7.70 500" -,030____ ___I 2 552 7.0500# 1,510

BV1 - 7. _ _____ 6 - 90

4 551 7.70 500' 9,7rn*

2-W15-16 112/29/88 f 11 419 1 7.00 [ 400# 4,670I 417 7.10 400# 5,310

3 419 7.10 500, 4,380

4 417 7.00 500# 5.130

2-W1-lE 05/09/89 1 531 7.70 800# 3,500

2 800' 3,590
3 600' 3,920

4_ 700' 3,280

2-W15-16 07/25/89 [ __ _ 575 7.75 600' 6,110

2 567 7.74 600' 6,390

3 570 7.75 600' 5,940

4 576 7.74 600# 6,860
he co"Vu n-taders-consst of- Constituent Name; Analysis Units; and

Contractual Required Quantitation Limit/Drinking

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w --- based-on-additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flaq:
'denotes that analyte concentration is below CR0L. Reported values

-- were U.S. Testing Inc.'s actual measured concentrations.

Data point is inconsistent with replicate sample values.

r1-3

Water Stan dard (suffix)
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Table C-10. Background Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 4. (page 2 of 4)

Well ISample Dup1. Specific Field
Name Date Sample Conductance pH TOC TOX

Number ipmho/cm ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

2-W15-18 10/06/88 1

2

357

357

7.70

7.70

400'

400*

1,610

1,490

3 357 7.70 300' 1,310

4 357 7.70 400* 1,280

.2-15-18 12/30/88 1 282 8.00 300* 1,740

2 - 281 7.80 300* 1,690

3 282 7.80 300* 1,310

- 4 281 7.90 400* 1,770

2-15-18 05/15/89 1 361 7.67 400' 1,260

2 361 7.67 400* 1,360

3 360 7.63 400* 1,150

4 362 7.64 400' 1,340

2-WI5-18 07/11/89 1 379 7.79 600' 1,100

- -__ 2 379 -380 600* 1,120

3 379 7.79 500' 1,080

4 -1 ,8 o,)Or%

-he column headers consist of: Constituent Name;
Contractual Required Quantitation Limit/Drinking

7.80 400* 1,150
Analysis Units; and
Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
'denotes that analyte concentration is below CRDL. Reported values
were U.S. Testing Inc.'s actual measured concentrations.

r-A
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Table C-10. Background Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 4. (page 3 of 4)

Well Sample Dupl. Specific Field
Name Date Sample Conductance pH TOC TOX

Number pmho/cm ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

2-418-24 10/07/88 1 216 7.60 400' 266

2 216 7.60 400' 30

13 1 217 7.60 400 1 168
4 216 7.60 400' 28

2-W18-24 01/04/89 1 279 7.70 400' 695

2 279 7.80 300' 716

3 279 __7 An 400 752

4 279 7.80 400'

2-W18-24 05/11/89 1 256 7.70 2000 831

2 2 5 7.70 300' 843

3 258 7.70 300" 761

4 257 7.70 200' 728

2-W18-24 07/28/89 1 260 7.90 800' 527

2 260 7.85 900' 529

3 260 7.85 700 499

4 260 7.85 600' 467
The column headers consist of: Constituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
denotes-that- analyte concentration is-below CRDL. Reported values
were lt.S. Testing Inc.'s actual measured concentrations.

C-25
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Table C-10. Background Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 4. (page 4 of 4)

Well
Name

Sample
Date

Dupl.
Sample
Number

Specific
Conductance
pmho/cm
1/700w

Field
pH

0.01/8.5s

TOC
ppb

1000/.

TOX'
ppb
10/.

2-W18-32 11/18/92 1 241 8.10 1000

2 239 ---- 8.09 -- 1000u

3 236 8.09 100Ou

4 236 8.09 100o

2-W18-32 02/12/93 1 ill 8.24 1000U

2 112 8.22 1000U

1 - 118 8.22 1000

4 118 8.20 100O

2-W18-32 05/18/93 1 217 8.09 600"B

3 217 8.07 5001.B

4 217 8.06 600LB

2-W18-32 08/26/93 - 225 7.92 300L

2 225 7.93 300L

3 224 7.92 300L

4 225 7.92 40'
iec otumn headers cosist otf Constitt Name ;

Contractual Required fuantitation Limit/Drinking
Analysis Units; and
Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part _141, NationalSecondary DririkinigWater-RequIations

w - based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Wator Sipplies

Data fig:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

Ldenotes that analyte concentration is above MDL but below CRQL.

Bdenotes that blank associated with analyte is contaminated.

-denotes potential-probelm-associated with data quality. Values are
not reported.

C-26
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Table C-11. Average Replicate Statistics--Background
Data for the Low-Level Waste Management Are 4.

Indicator Parameter
(paae 1 of 4)

t denotes that analyte- concentration is below CRDL. Reported values
were-U.S. Testing-Inc.!s-actual measured concentrations.

denotes numbers were calculated using inconsistent replicate values.
The replicate average is not used in calculating background summary
statistics.

N.A. = not available. C.V. = coefficient of variation.
N.C. - not calculated.

C-27

I constituent Well Sample n Average Standard C.V.I (unit) Name Date Deviation

Specf c 2-W5-16 10/06/88 4 _551.50 0.577 0.10

jmho/cm) I2-W15-16 12/29/88 4 418.00 1.155 0.28

2-W15-16 05/09/89 1 531.00 N.A. N.A.

-W15-16- 07/25/89 4 572.00 4.243 0.74

Field 2-Wi5-16 10/06/88 4 7.700 0 0
pH 2-W15-16 12/29/88 4 7.050 0.058 0.82

2-W15-16 05/09/89 1 7.700 N.A. N.A.

2-W15-16 07/25/89 4 7.745 0.006 0.07

TOC 2-W15-16 10/06/88 4 525* 50.000 9.52
(onb) I

2-W15-16 12/29/88 4 450 57.735 12.83

2-W15-16 05/09/89 4 725 95.743 13.21

2-W15-16 07/25/89 4 600# 0 0

TOX 2-W15-16 10/06/88 4 1,599 1,125.55 70.4'
(ppb) 2-W15-16 12/29/88 4 4,872.5 424.765 8.72

2-W15-16 05/09/89 4 3,572.5 265.754 7.44

2-W15-16 07/25/89 4 6,325.0 402.037 6.36



DOE-/RL-93-88, REV. 0

Table C-11. Average Replicate Statistics--Background
Data for thie--Low--Leve]-iaste- anagement- Area- 4.-

2-W15-18 10/06/88 4 7.700

Indicator Parameter
(paqe 2 of 4)

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date Deviation (%)

Specific 2-Wi5-18 10/06/88 4 357.00 0 0

Conductance 1/30 - )a .5 n 1
(AMbO/CM) 2-415-18 1213008, 4 2&V.5 V . 77 0.21

-2-WiS-18- 05/15/89 4 361.00 0.817 0.23

2-W5-18 07/I789 4 j179.25 0.300 0.13

Field
p-

2-W15-18 12/30/88 4 7.875 0.096 1.22

2-W15-18 05/15/89 4 7.652 0.021 0.27

&J_ TOC 2-W15-18 10/06/88 4 375* 50.000 13.33
(ppb) 2-W15-18 12/30/88 4 325* 50.000 15.38

- 2-,---1-- 05/15/89 4 425Z 50.000 11.76

2-W15-18 07/11/89 4 525 95.743 18.24

2415-48 -112/30/88 14 1627.5 214.223 13.16

2-WI15-18 05/15/89 4 1,277.5 95.350 7.46

2415-18 1,112.5 29.861 2.68________________________ ___________ ___________________ a _______________________ =

07/11/89

0 0

TOX
(ppb)

2-W15-18

07/11/89 4

*denotes that-analyte concentration
were U.S. Testing Inc.'s actual me

i. -A not allate.
N.C. -not calculated.

is below CRDL. Reported values
asured concentrations.

,.V. - coefficient of variation.
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Table C-11. Average Replicate Statistics--Background
Data for the Low-Level Waste Management Area 4.

Constituent
(Unit)

Well
Name

Sample
Date

n Average

Ii*______

Specific
Conductance

(pumha/cm)

2484-24 1 /7iflft 4 2li. 25

Indicator Parameter
(page 3 of 4)

Standard
Deviation

0.500

C.V.

0.23

2-WI8-24 01/04/89 4 279.00 0 0

2418-24 05/11/89 4 256.75 0.957 0.37

2418-24 07/28/89 4 260.00 0 0

Field 2-W18-24 10/07/88 4 7.600 0 0
pH - 2-W18-24 01/04/89 4 7.775 0.050 0.64

2-W18-24 05/11/89 4 7.700 0 0

2-W18-24 07/28/89 4 7.862 0.025 0.32

TOC 2-W18-24 10/07/88 4 400" 0 0
(ppb) 2-W18-24 01/04/89 4 375# 50.000 13.33

2-W18-24 05/11/89 4 250* 57.735 23.09

2Z-W18-24 07/28/89 4 750Q 129.099 17.21

TOX 2-W18-24 10/07/88 4 123.00 115.684 94.05
(ppb) 2-W18-24 01/04/89 4 698.50 50.784 7.27

2-W18-24 05/11/89 4 790.75 55.295 6.99

2-W18-24 AV7/28/8 4 505.50 29.092 5.76

denotes that analyte concentration is below CRDL. Reported values
were U.S. Testing Inc.'s actual measured concentrations.

N.A. - not available.
N.C. - not calculated.

C.V. - coefficient of variation.
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Table C-11. Average Replicate Statistics--Backgroun
Data for the Low-Level Waste_ Management Area 4

d Indicator Parameter
. (page 4 of 4)

I-.

Constituent
(Unit)

Well
Name

Sample
Date

n Average Standard
Deviation

C.V.
M%)

Specific 2-W18-32 11/18/92 4 238.00 2.450 1.03
Conductance 2______
(Umho/cm) 2-W18-32 02/12/93 4 114.75 3.775 3.29

2-W18-32 05/18/93 4 216.75 0.500 0.23

2-W18-32 08/26/93 4 224.75 0.500 0.22

Field 2-W18-32 11/18/92 4 8.092 0.005 0.06
nW

p2-W18-32 02/12/93 4 8,220 0.016 0.20

2-W18-32 05/18/93 4 8.072 0.013 0.16

2-W18-32 08/26/93 4 7.923 0.005 0.06

TOC 2-W18-32 11/18/92 4 500" N.A. N.A.

2-WI8'32 02/12/93 4 50a N.A. N.A.

2-W18-32 05/18/93 4 5508L 57.735 10.50

2-W18-32 08/26/93 4 3 25L 50.000 15.38

TOX
(ppb)

2-W18-32 11/18/92 4 N.C. N.C. N.C.

2-W18-32 02/12/93 4 N.C. N.C. N. C.

2-W18-32 05/18/93 4 N. C. N. C. N. C.

24-18-32 08/2 6/93 N.C. N. C.
________________ II . ~ ______________

N. C.

udenotes that analyte concentration is below
were analytical labdratories' CRQL.

CRQL. Reported values

Ldenotes that analyte concentration is above MDL but below CRQL.

'denotes that blank associated with analyte is contami-nated - Replicate
average is not used in calculating the background summary statistics.

N.A. = not available.
N.C. = not calculated.

C.V. = coefficient of variation.
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Table C-2. Background Statistics--Contamination Indicator Parameter
Data for the Low-Level Waste ManagementArea 4.

VIIBackground Background Bcgon
Constituent I Units n average standard Backgr d

I deviation

Specific pmhos/cm 16 328.594 133.345 40.58
conductance

Field pH 16 7.779 0.261 3.36

I TOC ppb 150 470 142.428 30.30

TroXb - ppb 1 - -,029.796 2,002.864 98.67

'Background summary statistics for TOC were calculated using values
below CRDUL and CRL.

bBackground summary statistics
analyzed by U.S. Testing Inc.

for TOX are calculated using data
of Richland.

'Excluding -repl-icate average-where- biank-associ-ated with-samples was
contaminated (well 2-W18-32, 5/18/93).

dExcluding inconsistent replicate average from well 2-W15-16 for samples
collected on in/A/P.

N.C. - not calculated.
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Table C-13. Background Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 5. (page 1 of 6)

- -eH -- -- Sainpe -- - up". - -- p c f c - -- F e d--
Name Date SapLe Condutane pH TOC TOX"

------ - umierpalof~at -ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

2-16-2 (05/21/92 1 353 8.03 10o

3 359 8.01 1000"

4 358 8.00 100"

2-16-2 08/07/92 1 309 8.09 1000"

-8079 -2 - -

3

4

2-IM-2 12/08/92 1 --- 388 ------ - 7.9- 100o "

2 389 7.99 1000.

3 389 7.97 1000"

4 389 7.96 100O"

2-16-2 02/05/93 1 396 7.88 100o

2 396 7.87 100o"

3 397 7.87 1000"

-4 398 7.88 Mau0

2-W6-2 05/18/93 1 392 7.89 70V _

2 390 7.87 700

- -3389 7.85 6004

- -- - -A393 7.84 6000
'I

he coiumn headers consist of: Constituent Name;
Contractual -Required -Quantitation Limit/Drinking

Analysis Units; ana
Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w-- ---based -n additioi-al-Secondary-Maximum-Contaminant Levels
WAC 248-54, Public Water Supplies

in

Data flag:
denotes that analyte concentration is below CRQL. -Reported values
were analytical laboratories' CRQL.

Ldenotes that analyte concentration is above MDL but below CRQL.

8denotes that blank associated with analyte is contaminated.

denotes potential problem associated with data quality. Values are
not reported.
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Table C-13. Background Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 5. (pag 2 of 6)

Well Sample Dupl. Specific Field
Name Date Sample Conductance pH TOC - TOX'

Number pmho/cm ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

2-W6-4 09/04/92 1 580 8.10 1000

2 582 8.09 _100_

3 579 8.08 __ _ _00 _

4 580 8.07 100O

2-W6-4 12/08/92 1 635 8.29 100O

2 635 8.28 1000 _

3 635 8.28 1000,

4 635 8.28 1000

24=4 03/1/93 1 - 57- - - r54r n

2 570 8.5 __1000

3 __4 8.48 100

4 572 8.49 1000

_2416-4 06/10/93 1 550 8.14 6OL _____

-2 552 8.10 6no'S

3 554 8.09 30OLB

4 557 8.07 300'
The column headers consist of: Constituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143,- Natinal Secondary Drinking Water Regulations

s o ion Secondary Maximum Contaminant Levels
WAC 248-54, Public Water Supplies

in

denotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

Ldenotes that analyte concentration is above MDL but below CRQL.

Bdenotes that blank-associated-with analyte is-contaminated.

denotes potentialproblem associated-with data quality. Values are
not reported.
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Table-C-13. Background Contamination Indicator Parameter Data
- for the Low-Level Waste (page 3 of 6)

Well -Sample DunL Snrific Field
Name Date Sample Conductance pH TOC TQXP

Number pmho/cm ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

2-W6-9 12/08/92 1 428 8.01 1000U

2 429 8.01 100ou

3

4

427

427

8.00

8.00
1000u

1000U

2-W6-9 03/15/93 1 446 7.95 -nnn

2 447 7.96 10000

3 448 7.95 100

4 449 7.95 I000U

2-W6-9 06/14/93 1 450 7.70 500LB

2 448 1 7.68 4001.B

3 448 7.67 40 - I
4 447 7.66 400LB

2-W6-9 09/10/93 1 425 7.77 300'

2 424 7.79 400L

3 420 7.77 400L

4 424 7.77 4001
The column eaders consist of: Constituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix s_- based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

'denotes that analyte concentration is above MDL but below CRQL.

Bdenotes that blank associated with analyte is contaminated.

- dehotes potential problem associated with data quality. Values are
not reported.
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T-ak t--3.- BdckrLund Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 5. (page 4 of 6)

fWel Sample - Dupl. Specific - Field
I Name Date Sample Conductance pH TOC TOX'

Number pmho/cm ppb ppb
1/700w .01185s 1000/. 10/.

2-46-10 12/08/92 1 759 7.88 1000,

2 752 7.90 1000u

3 751 7.92 1000u
4 753 7.94 100I].

I, . - S -

2-W6-10 03/22/93 1 730 7.73 1000u

2 732 7.75 1000"

3 730 7.75 1000

4 737 7.76 1000U

2-W6-10 Ac/14/93 1 750 7.66 700LB

- - 2 748 7.62 7 00 'B

3 -747- 7.60 4OuLB

4 747 7.60 500LB

2-W6-10 09/09/93 1 666 7.65

2 670 7.64

3

4

666

667

7.64

7.63
The column headers consist of: Constituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix s -based orr -Secondary-Maximur-Contaminant Levels-in 40 CFR
Part 143, National Secondary Drinking Water Regulations

- -based-on-additional Secondary Maximum Contaminant Levels in
WAC- 248-54,--PubH-c ater Supplies

Data Tlag:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

Ldenotes that analyte concentration is above MDL but below CRQL.

Bdenotes that blank associated with analyte is contaminated.

- denotes potentiaI problem associated with data quality. Values are
not reported.
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11/16/92

__ _ _ _ _ I_ _ _ _ _II 2 263 I 8.09 I 1 0 0 LOU _ _ _

264 8.07

Table C-13. Background Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 5. (page 5 of 6)

Well Sample Dupl. Specific Field
-Name Date Sample Conductance pH TOC TOXP

Number smho/cm ppb ppb
1/700w 0.01/8.5s 1000/. 10/.

2-W7-10 08/07/92 1 287 7.72 100OO

2 288 1 7.73 1 1000u

------- _3 2 8 9 7 . 7 3 1 1 0 0 0

4 289 -775 1000

1000"

1000u3

4 266 8.06 1000u

2-W7-10 02/05/93 1 306 7.80 1000 _

2 306 7.82 1000 _

3 306 7.83 100O

4 306 7.83 iOOO1

2-W7-10 05/17/93 1 - 300 -,97 -in'

2 298 8.28 300L

3 298 8.26 400'

4 J 299 8.25 300L
The column headers consist of: Constituent Name;
Contractual Required Quantitation Limit/Drinking

Analysis Units; and
Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
-Part 141, ational-Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAL 24-;4, VuOiiC water Sjpplies

Data flag:
udenates that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

Ldenotes that analyte concentration is above MDL but below CRQL.

'denotes that blank associated with analyte is contaminated.

-denotes-potential problem-associ-aed-with-data-quality- Values-are
not reported.
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Table C=13. Background Contamination Indicator Parameter Data
for the Low-Level Waste Management Area 5. (page 6 of 6)

DupEl.
Sample
Number

I

Specific
Conductance
pmho/cm
1/700w

641

Field
pH -

0.01/8.5s

7. 94

TnC
I U.

ppb
1000

1000"

TOX
ppb
10/.

2 680 7.94 100 U

3 599 7 .93 100u1

4 595 7.92 100O

2-W11-31 03/21/93 1 714 7.84 1000w

2 716 7.86 1000u

3 717 7.84 10010
4 712 7.84 1000

2-Wll-31 06/10/93 1 729 7.67 500L

2 730 7.64

I 1I1 3 1 729 = 7.65 400LI
A 7'10 7 Cr 'nnL

2-W11-31 09/09/93 1 716 7.68

2 718 7.66
____ 41 ______j__S 722 7.71

4 1 724 7.77
Lflf~umn- iieaders consist ar: tnstituent NamP;
Contractual Required Quantitation Limit/Drinking

Analysis Lnits; and
Water Standard (suffix)

-Suffits- based on-Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w -based or aWditionaI-ecndary MaXmumCantminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
Udenotes that analyte concentration is below CRQL. Reported values
warp analvtiral laboratories' CRQL.

denotes- thatfanalyte concentration is above MDL but below CRQL.

denotes that-blank associated with analyte is contaminated.

Pdenotes potential problem associated with data quality. Values are
not reported.
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Table C-14. Average Replicate Statistics--Background
Data for the Low-Level Waste Management Area 5.

Indicator Parameter
(page 1 of 6)

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date Deviation j%

Specific 2-W6-2 05/21/92 4 357.00 2.708 0.76
Conductance I -_ _ _ _ _ _ _ _ __ _

C'nducan 2-W6-2 - f/l7/02 1 309.00 N.A. N.A.

2-W6-2 12/08/92 4 388.75 0.500 0.13

2-W6-2 02/05/93 4 396.75 0.957 0.24

L 2-W6-2 05/18/93 4 391.00 1.826 0.47

Field 2-W6-2 05/21/92 4 8.015 0.013 0.16
pH

2-W6-2 08/07/92 1 8.090 N.A. N.A.

2-W6-2 12/08/92 4 7.978 0.015 0.19

2-W&-2 I02/si3 L4 -7.875 0.-006 0.07

2-W- 05/18[93- -A -7.8fiI 0.822 I 2

TOC 2-W6-2 05/21/92 4 500u N.A. N.A.

2-W6-2 08/07/92 1 500u N.A. N.A.

- 6-2 -W' --12/08/92 4- 5 - N.A. N.A.

2-46-2 02/05/93 4 500 N.A. N.A.

2-W6-2 05/18/93 4 650LB 57.735 8.88

TOX
(ppb)

2-46-2 05/21/92 4 N.C. N.C. N.C.

2-46-2 S08/07/92 i N.C. N.C. I N.C.

2-W6-2 12/08/92 4 N.C. N.C. N.C.

2-46-2 02/-5/93 4 N.C. N.C. N.C.

2-46-2 05/18/93 4 N.C. N.C. N.C.

UNumbers were calculated using values below CRQL by replacing such
values with half of the respective CRQL.

dontote anal te concentration-is-above MDL but below CRQI-

denotes that blank associated with analyte is contaminated.

N.A. - not available.
N.C. = not calculated.

C.V. = coefficient of variation.
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Table C-14. Average Replicate Statistics--Backgrou
Data for the Low-Level Waste Management Area 5

nd Indicator Parameter
. (page 2 of 6)

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date Deviation I %)

Specific
Conductance

(umho/cm)

2-W6-4 -09/04/92 4 rn 2rUOU * r; 1.258 0.22

2-W6-4 12/08/92 4 635.00 0 0

2-W6-4 03/17/93 4 568.25 5.560 0.98

2-W5-4 06/10/93 4 553.25 2.986
U

Field
pH

TOC
(ppb)

2-W6-4 09/04/92 4 8.085 0.013

0.54

0.16

2-W6-4 12/08/92 4  8.282 0.005 0.06

2-W6-4 03/17/93 4 8.518 0.038 0.44

2-W6-4

2-W6-4

06/10/93

09/04/92

4

4

8.100

500u

0.029

N.A.

0.36

N.A.

2-W6-4 12/08/92 4 f 500" N.A. N.A.

-2-W6-4

2-W6-4

03/17]93

06/10/93

4

4

rnnU4JVU N.A.

173.205

N.A.

38.49

TOX 2-W6-4 09/04/92 4 N.C. N. C. N. C.
(ppb) 2-W6-4 12/08/92 4 N.C. N. C. N. C.

2-W6-4 03/17/93 4 N.C. N.C. N.C.

2-W6-4 06/10/93 4 N.C. N.C. N.C.

uNumbers were
values with

calculated
half of the

using values below
respective CRQL.

CRQL by replacing such

Ldenotes analyte concentration is above MDL

'denotes that blank associated with analyte

N.A. - not available.
N.C. - nnt ralrtilatod

but below CRQL.

is contaminated.

C.V. = coefficient of variation.
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Table C-14. Average Replicate Statistics--Background
Data for the Low-Level Waste Management Area 5.

Indicator Parameter
(page 3 of 6)

Constituent I _wel1 I Sample n Average -Standard - C.V.
(Unit" Name Date H Deviation

Specific 2-W6-9 12/08/92 4 427.75 0.957 0.22
Conductance

C amha/cm) 2 W6 9 03/15/93 4 447.50 1.291 0.29

2-W6-9 06/14/93 4 448.25 1.258 0.28

2-W6-9 09/10/93 4 423.25 2.217 0.52

Field 2-W6-9 12/08/92 4 8.005 0.006 0.07
pH 2-W6-9 03/15/93 4 7.952 0.005 0.06

2-W6-9 06/14/93 4 7.678 0.017 0.22

2-W6-9 09/10/93 4 7.775 0.010 0.13

STO 2-W&-9 12/08/92 4 5O& N.A. N.A.
(ppb) 2-W6-9 03/15/93 4 500 N.A. N.A.

2-W6-9 06/14/93 4 425LB 50.000 11.76

2-W6-9 09/10/93 4 375 50.000 13.33

TOX 2-W6-9 12/08/92 4 N.C. N.C.
(ppb) 2-W6-9 03/15/92 4 N.C. N.C. N.C.

2-W6-9 06/14/93 4 N.C. N.C. N.C.

LI 2-W6-9 09/10/93 4 N.C. N.C. N.C.

UNumbers were calculated
values with half of the

Ldenotes

Bdenotes

analyte concentr

that blank assoc

using values below
respective CRQL.

ation is above MDL

iat+d with analyte

CRQL by replacing

but below CRQL.

is contaminated.

such

N.A. = not available.
N.C. = not calculated.

C.V. = coefficient of variation.
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Table C-14. Average Replicate Statistics--Background
Data for the Low-Level Waste Management Area 5.

Indicator Parameter
(page 4 of 6)

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date Deviation

Specific 2-W6-10 12/08/92 4 753.75 3.594 0.48
Conductance 2-6-10 03/22/93 4 732.25 3.304 0.45

2-46-10 06/14/93 4 748.00 1.414 0.19

2- 6-10- 09/09/93- 4 667.25 1.893 0.28

Field- -6-10 12/08/92 4 7.910 0.026 0.33

pH 2-W6-10 03/22/92 4 7.748 0.013 0.16

2-W6-10 06/14/93 4 7.620 0.028 0.37

S 2-W6-10 09/09/93 4 7.640 0.008 0.11

TOC
(nn h

2-W6-10 12/08/92 4 500U N.A. N.A.

_ &MW -1 03/22/93 4 500" N.A. N. A.

2-W6-10 1 06/14/93 4 575LB 150.000 26.09

2-W6-10 09/09/93 4
it - - - - 9 =

TOX
(ppb)

2-W6-10 12/08/92 4 N.C. N.C. N.C.

2-W6-10 03/22/93 4 N.C. N.C. N.C.

246-10 06/14/93 4 N.C. N.C. N.C.

2-W6-10 09/09/93 1 4 N.C. N.C. N.C.

uNumbers were calculated using values below CRQL by replacing such
values with half of the respective CRQL.

Ldenotes analyte concentration is above MDL but below CRQL.

3denotes that blank associated with analyte is contaminated.

N.A. - not available.
N.C. = not calriilatpl.

C.V. = coefficient of variation.
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Table C-14. Average Replicate Statistics--Background
Data for the Low-Level Waste Management Area 5.

Indicator Parameter
(page 5 of 6)

Constituent Wel1 Sample n Average Standard C.V.
(Unit) Name- - Date Deviation

Specific
Conductance
(pAMho/cm)

Field
nH

TOC

TOX
Inrpk%

TNumbers
values

denotes

'denotes

2-W7-40 08/07/92 4 288.25 0.957

2-W7-10 11/16/92 4 265.50 2.646 1.00

2-W7-10 02/05/93 4 306.00 0 0

2-W7-10

2-W7-10

05/07/93

08/07/ 92

4

4

298.75

7.732

0.957

0.013

2-W7-10 11/16/92 1 4 8.085 0.026 0.33

2-fi-10 [-2/05/93 - 4-- 7.820 0.014 0.18

2-1W7-10

2-W7-10

05/17/93 4 8. l. a 0.013
V V = P = I I -

08/07/92 4 500 N.A.

2-W7-10 11/16/92 4 500u N.A. N.A.

2-W7-10 02/05/93 4 50O' N.A. N.A.

2-W7-10

2-W7-10

2-W7-10

05/17/93

08/07/92

11/16/92

4

4

4

N.C.

N.C.

50.000

N.C.

N.C.

2-W7-10 02/05/93 4 N.C. N.C. I N.C.

2-W7-10

-were-ca
with- hal

iculated
f of -the

r '17/n ,
UU./ I 3 4

usino valuns hlnw
resectVe CR*QfL.

analyte concentration-is above MDL

that blank associated with analyte

N. C. N.C.

CRQL by replacing

but below CRQL.

is contaminated.

N.C.

such

N.A. - not available.
N.C. - not calculated.

C.V. - coefficient of variation.
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0.33

0.32

0.16

0.16

N.A.

15.38

N.C.

N.C.
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TableC-14- Average Replicate Statistics--Background Indicator Parameter
Data for the Low-Level Waste Management Area 5. (page 6 of 6)

Constituent
Unit)

Well
# ame

Sample
-Date

n Average Standard
Deviation

C.V.
((-

UNumbers were calculated using values below
values with half of the respective CRQL.

CRQL by replacing such

Ldenotes analyte concentration is above MDL but below CRQL.

Bdenotes that blank associated with analyte is contaminated.

N.A. - not available.
N.C. - not calculated.

C.V. = coefficient of variation.

C-43

Specific 2-wi-31 -- - 12/08/9-- 4 [ 628.75 40.003 6.36

2-W11-31 - O/2I/9 4 714.75 2.217 0.31

2-Wll-31 06/10/93 4 729.25 0.500 0.07

2-Wll-31 09/09/93 4 720.00 3.652 0.51

Field 2-W11-31 12/08/92 4 7.932 0.010 0.12

pH 2-Wll-31 03/21/92 4 7.845 0.010 0.13

2-Wll-31 06/10/93 4 7.652 0.013 0.16

-2-W11-31 J 09/69/93 4 7.705 0.048 0.62

TOC 2-W11-31 12/08/92 4 500u N.A. N.A.

2-Wl1-31 03/21/92 4 500" N.A. N.A.

2-W11-31 06/10/93 4 450L 57.735 12.83

2-W11-31 09/09/93 4

TOX 2-Wll-31 12/08/92 4 N.C. N.C. N.C.
(ppb) 2 11-31 [03/21/92 4 N.C. N.C. N.C.

2-Wll-31 06/10/93 4 N.C. N.C. N.C.

2-W11-31 09/09/93 4 N.C. N.C. N.C.
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Table C-15. Background Statistics--Contamination Indicator Parameter
Data for the Low-Level Waste Management Area 5.

7 T
I I Background Background Backgrod

-CimtUWeL W~L n J.Uisn vrg standard CV Bacgrun
I deviation

Specific e mhos/cm 24 519.562 167.372 32.21
=ondutance

Field pH 24 7.920 0.225 2.84

TOC ppb -- 8 - L 480.6 49.67 10.34

TOXb ppb N.C. N.C. N.C. N.C.

NOTE: Background summary statistics were calc
samples that had four replicate values.

ulated from only those

8Background summary statistics forTOC were calculated using values
below CRDL and CRQL.

bBackground summary statistics for TOX are not calculated due to
--problems related to data quality.

cExcluding replicate average where blank associated with samples was
contaminated (2-W6-2, 5/18/93; 2-W6-4, 6/10/93; 2-W6-9, 6/14/93; and
2-WU-1, /14/9j).

N.C. - not calculated.
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Table C-16- Background-Contamination Indicator Parameter Data for the
Single-Shell Tanks Waste Management Area T. (page 1 of 2)

Well Sample Dupl. Specific Field
Name Date Sample Conductance pH TOC TOXP

Number pmho/cm ppb ppb
~-101 ~ ag1/700w 0.01/8.5s 1000/. 10/.

2l7 1 a 0a a nl i nn U2-410-16- 07/22/91 A8u.1 00
08- 8. IV

_________2 __ _ __ _ 880 8.00 __ __ __ __ __ __

3 888 8.00 1000U

4 885 7.99 100U

2-WI0-16 09/24/41 1 880- 7.33 1000u

2 876 7.33 100_

3 al7 -7.34 -100ou

4 873 7.36 1000U

2- 10 10/15 91 1 858 7.52 

2

4

2-WIO-16 11/25/91 1 828 7.93

3

column Lheaders consist of: Constituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels
WAC 248-54, Public Wator qupplies

in

Data flag:
-- Udnotes that analyte concentration- is below CRQL. Reported values

were analytical laboratories' CRQL.

-- tdenotes-potential problem associated with data quality. Values are
not reported.
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Table C-16. Background Contamination Indicator Parameter Data for
Single-Shell Tanks Waste Management Area T. (page 2 of 2)

the

well Sample Dupl Specific Field -

Name -Date Sample Conductance pH TOC TOX
Number Mmho/cm ppb ppb

1/700w 0.01/8.5s 1000/. 10/.

2-WO-16 01127/92 1 830 7.75 100OO

2 830 7.77 1000u

3 -823 7.78 100 -

4 826 7.78 10000

2-W1O-16 04/20/92- - 811 - 7.64 1000W

2 802 7.66 100O0

3 795 7.66 1000wO

4 801 7.67 1000

2-W10-16 07/13/92 1 796 7.77 1000

2 796 7.76 1000 _

- 3J - 796 7.76 1000u

4 795 7.76 1000u
The column headers consist of: Constituent Name; Analysis Units; and
Contractual Required Quantitation Limit/Drinking Water Standard (suffix)

Suffix-t= -s based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

wata flag:
udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

0denotes that results are associated with a documented laboratory
nonconformance.

Fdenotes potential problem associated with data quality. Values are
__ ----W ruur eu
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Table-t17. Average Replicate Statistics--Background Indicator Parameter
Data for the Sing e-Shell Tanks Waste Management Area T.

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date I I I Deviation M%)

Specific
Conductance
()mho/cm)

2-WIO-16 07/22/91 4 883.25 3.948 0.45

2-W1O-16 09/24/91 4 876.50 2.887 0.33

24910-16 01/27/92- 4 -827.25 3.403 0.41

2-WIO-16

2-WIG-16

04/20/92

07/13/92

4

4

802.25

795.75

6.602

0.500

0.82

0.06

Field 2-W1O-16 07/22/91 4 8.000 0.008 0.10

pH 2-WM_-16 - 09/24t91 4 7.340 0.014 0.19

2-WIO-16 01/27/92 4 7.770 0.014 0.18

2-W1O-16 04/20/92 4 7.658 0.013 0.16
L _2-WIO-16 07/13/92 4 7.762 0.005 0.06

TOCG
(ppb)

2-W10-16 07/22/91 4 500u N.A. N.A.

2-W10-16 09/44/91 4 1 500U N.A. N.A.

2-110 -16 01/27/92 4 500" N.A. I N.A.

2-W10-16 04/20/92D 4 N.C. N.A. N.A.

2-W10-16 07/13/92 4 500u N.A. N.A.

MA ~TX> -11 -______ ---____ '__ "____ j4-1 ' 30.00fnnki T-W~10-16  107/22/91 - 4 -- -47:_4.4 3.
InnK\r' 2-WIO-16 09/24/91 4 617.50 53.307 8.63

2-W1O-16 01/27/92" 4 N.C. N.C. N.C.

- 04/20/92" 3 N.C N.C. N.C.

Note:
2-WIO-16 07/13/92" 4 N.C. N.C. N.C.

I I IfIflI I -

Summary statistics calculated from only those samples that had
four replicate values.

'statistics were calculated by replacing not detected values with half
of the respective CRQL.

8!08 C *%4l u--tf Vfla-js -i b 1*' -h RL
11U;-U1 IgLcU voluca cic Ucluw LIM LKLJL

Dstatistics were not calculated due to Non-Conformance Report.

Preplicate averages are not calculated due to problems related with data
1ial itv

N.A. = not available. C.V. = coefficient of variation.
N.C. - not calculated.
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Table C-lB. Background Statisticsa--Contamination Indicator Parameter
Data for the Single-Shell Tanks Waste Management Area T.

Constituent Units n Background Background
j average jdeviation C.V.

Specific pmhos/cm 5 837 40.938 4.89
1 conductance i

Field pH 5 7.706 0.240 -3.11

TOC ppb 4 500 N.C. N.C.

TOXb ppb N.C. N.C. N.C. N.C.

Note: Summary statistics calculated trom only those samples that had
r 14+ ,eplicate values.

aBackground summary statistics for TOC were calculated using values
below CRQL.

-Background summary statistics for TOX-are not-calculated due to
problems related to data quality.

N.C. - not calculated.
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Table C-19. Background Contamination Indicator Parameter Data for the
Single-Shell Tanks Waste Management Area TX-TY.

WeLL
Kane

2-W15-22

Sample
Date

09/24/91

Dupi.
Sample
Mumbar

I

Specific
Conductance

pao/cm
1/70O0W

478

Field
pH

0.01/8.59

7.47

TOC
ppb

1000/.

1 000P

TOX
ppb
10/.

2 478 7.46 10oo

3 478 7.45 1000"

4 478 7.46 10oo

2-15-22 - 10/16/91 - _ - 501 7.51

3

4

2-W15-22 01/27/92 1 456 8.30 1000"

2 _ _ 450 8.32 100"

-- -- --- - 3 - 45i 8.31 1000"

4 449 8.32 100i"

2-W15-22 04/20/92 1 446 7.67 10 0 __

2 442 7.61 1:: W

3 442 7.60 1000"

4 441 7.61 1 ooe

2-W15-22 07/20/92 1 449 7.75 1 000

2 447 7.74 1000"

3 448 7.72 1000"

- 4 - 4" - 7.73 _ 1OW

n headers consist of: Constituent Name; Analysis Units; and
- Contractual Required Quantitation Lim'.t-/Dr-ink ng- Water Standard (%s uIFfi4x) 1

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant-_Levels in
WAC 248-54, Public Water Supplies

uata * lay.

udenotes that analyte concentration is below CRQL. Reported values
were analytical laboratories' CRQL.

Pdenotes potential problem associated with data quality. Values are

Ddenotes that results are associated with a documented laboratory
nonconformance.
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Table C-20. Average Replicate Statistics--Background Indicator Parameter
Data for the Single-Shell Tanks Waste Management Area TX-TY.

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date __Jeeiation JM

Specific -2-W15-2 09/24/9i 4 478.00 0 0
Conductance
(Cmho/cm) 2-415-22 01/27/92 4 451.50 3.109 0.69

2-415-22 04/20/92 4 442.75 2.217 0.50

2-W15-22 07/20/92 4 447.00 2.160 0.48

Field
PH

2-W15-22 04/20/92 4 7.622 0.032 0.42

-7/2092-

Tf 2-WIS-22 09[Z4/91 4 Sac N.A. N.A.
(ppb) 2-W15-22 01/27/92 4 50 U N.A. N.A.

2-WI5-22 04/20/92' 4 N.C. N.C, N.C

2-W_5-22 07/20/92 4 500 N.A. N.A.

TOX% -2-W15-2l 09/24/91 41 1246.25 245.404 19.69
(ppb) -2-W15-22 01/27/92' 4 N.C. N.C. N.C.

-Wt 4 2 N.C. N.C.N.C.

2-W15-22 LL/92 4 N.C. N.C. N.C.
Note Summary statistics calculated from only those samples that had

four replicate values.

'statistis were calculated by replacing not detected values with half
of the respective CRQL.

udenoteo calculated values are below the CRQL.

Dstatistics were not calculated due to Non-Conformance Report.

-replicate averages are not calculated due to problems related to data
quality.

2-1-15-22 4 7.3 * 0.013 0.17

N-A. - not available.
N.C. = not calculated.

C.V. = coefficient of variation.

C-50

2-WI5-22

2-W15-22

09/24/91

01/27/92

4

4

7.460

8.312

0.008

0.010

0.11

0.12
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Table C-21. Background Statistics--Contamination Indicator Parameter
- Data for the Single-Shell Tanks Waste Management Area TX-TY.

Constituent Units n Backgroundrd Backgrod
r-_ average deviation C.V.

apecific - pmwosjcm 4 454.812 15.866 3.49
conductance

field pH 4 7.782 0.371 4.77

TOCO ppb 3 500 N.C. N.C.

TO Vb b. N.C.ftUAppu Nl.C. " '.C. N.C. NC

Note: Summary statistics calculated from only those samples that had
replicate values.

Background summary statistics for TOC were calcul
below CRQL.

'Background summary statistics for TOX are not cal
problems associated with data quality.

N.C. - not calculated.

ated using values

culated due to

C-ri
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2-W18-25 04/21/92 I 192 7.60

2 192 7.62 000

3 192 7.62 1oo000
4 191 7.62 1 000u

1 196

Table C-22. Background Contamination Indicator Parameter Data for
the Single-Shell Tanks Waste Management Area U. (page 1 of 2)

Well Sample Dupl. Specific Field
Name Date Sample Conductance pH TOC TOXP

Number Amho/cm ppb ppb
1/700w 0.01/8.5s 1o000. 10/.

100OUD

1000u2-W18-25 1 07/20/92

2 196 6.81F _ _____
3 199 6.84F _ U

4 200 6.86' 100ou

2-Wi-25- 11/10/92- j - 7.33 100

2 235 7.35 1000 _

3 234 7.35 1000u
4 232 7.37 1000u

2-W18-25 03-/04/93 1-26 7.95 1o00-

2 260 7.95 1000u

3 264 7.93 1000_

4___ 264 793100
The column headers consist of: Constituent Name;
£ontractual Required Quantitation Limit/Drinking

Analysis nits; and
Water-Standard -(suffix)

C.. iraur IA_ s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w - based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

nata F;,,.
denotes that -analvte concentration is below CRQL. Reported values
were analytical lahoratoriesq CROl.

Pdenotes potential problem associated with data quality. Values are
not reported.

0denotes laboratory Non-Conformance Report was issued.
Fdenotes that data are inconsistent with the rest of analytical
results. RADE has been submitted for further investigation.
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Table C-22. Background Contamination Indicator Parameter Data forI the Single-Shell Tanks Waste Management Area U. (Fage 2 of 2)

Well Sample Dupl. Specific Field
Name-- Date -ample Conductance PH ___ TOC TOXP

Number psmho/cm ppb ppb
1/700w L1.01/8.s 1000/. 10/.

2-418-31 04/22/92 1 249 7.90 10000

2 249 7.91 1000u

3 249 7.91 100OO

4 251 7.92 10000

2_18-31 07/20/92- 1 - -259 8.06 1000T

2 259 8.06 1000U

3 259 8.06 1000

4 259 8.06 10000

2-W18-31 11/10/92 1 258 8.25 1000U

2 259 8.25 100_

3 257 8.25 1000 _

4 258 8.25 1000"

2-W18-31 03/04/93 1 262 8.24 1000U

2 263 8.21 j1000. j_____
1000u

- ~4 J 264 8.29 | 1000"j
The column headers consist of: Constituent Name;
Contractual Required Quantitation Limit/Drinking

262

Analysis Units; and
Water Standard (suffix)

Suffix s - based on Secondary Maximum Contaminant Levels in 40 CFR
Part 143, National Secondary Drinking Water Regulations

w . based on additional Secondary Maximum Contaminant Levels in
WAC 248-54, Public Water Supplies

Data flag:
Udenotes-that-analyte concentratinn is below CRQL. Reported values
were analytical laboratories' CRQL.

Pdenotes potential problem associated with data quality. Values are
not reported.
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Table C-23. Average Replicate Statistics--Background Indicator Parameter Data
for the Single-Shell Tanks Waste Management Area U. (page 1 of 2)

I Constituent Well Sample n Average Standard C.V.
(Unit) I Name Date I I Deviation I %)

Specific 2-W18-25 04t21/92 4 191.75 0.500 0.26
Conductance 2-W18-25 07/20/92 4 197.75 2.062 1.04

2-W18-25 11/10/92 4 234.50 2.082 0.89

-.2-W18-25 03/04/93 4 263.25 2.217 0.84

Field
pH

2-Wi8-25 04/21/92 4 7.615 0.010 0.13
2-W18-25 07/20/92 4 6.822 0.035 0.51

2-W18-25 -11/10/92 4 7.350 0.016 0.22

2-W18-25 03/04/93 4 7.940 0.012 0.15

TOC8 2-W18-25 04/21/920 4 N.C. N.C. N.C.
(ppb) 2-W18=25 07/20/92 4 500 N.A. N.A.

-2-WI-25 11/10/92 4 500 N.A. N.A.

2-W18-25 03/04/93 4 500u N.A. N.A.

TOX 2-W18-25 04/21/92 4 N.C. N.C. N.C.
(pJbY 2-W18-25 07/ 20/ 92P 4 N.C. N.C. N.C.

2-W18-25 11/ 10/92P 4 N.C. N.C. N.C.

2-18-25 03/04/93P 4 N.C. N.C. .C
Note: Summary statistics calculated

four replicate values.
from only those samples that had

astatistics were calculated by replacing not detected values with half
of the respective CRQL.

Udenotes calculated values are below -the- CRQL.

Ddenotes replicate average is not calculated due to laboratory Non-
Conformance Report.

PrepIicate averages are not calculated due to problems related with data
quality.

,denotes that data are inconsistent with the rest of analytical results.
RADE has been submitted for further investigation.

N.A. - not available. C.V. - coefficient of variation.
N.C. - not calculated.
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Table C-23. Average Replicate Statistics--Background Indicator Parameter Data
for the Single-Shell Tanks Waste M nagement Area U. (page 2 of 2)

Constituent Well Sample n Average Standard C.V.
(Unit) Name Date Deviation %

Specifi c  t-WS-31 -T4/22/92 4 249.50 1.000 0.40

Coumn4. 2-WIS-31 07/20/92 4 259.00 0 0

28-W-31 11/10/92 4 258.00 0 0

2-W18-31 03/04/93 4 262.75 0.957 0.36

Field 2-W18-31 04/22/92 4 7.910 0.008 0.10
pH 2-W18-31 07/20/92 4 8.060 0 0

2-W18-31 ___11/10/92 4 I 8.50 0 0

2-WI8-31 03'/04/93 4 8.235 0.040 0.49!

T1 2-WI-1 04/22/92 4 ROD ' N.A. N.A.

(ppb) 2-WIS-31 07/20/92 4 50 U N.A. N.A.

2j18-3 11/10/92 -i/ . ._ _4 N.A. N.A.

2-WIB-31 - 03/04/93 4 - 500 N.A. N.A.

TOX 2-W18-31 0 4/2 2/9 2P 4 N.C. N.C. N.C.
(ppb) 2-W18-31 07/20/92P 4 N.C. N.C. N.C.

2-W18-31 - -j1092' 4 N.C. N.C. N.C.

2-W18-31 L3/4/93I 4 N.C. _- N.C. N.C.
Note: Summary statistics calculated

four replicate values.
from only those samples that had

&statistics were calculated by replacing not detected values with half
of the respective ronL.

udenotes calculated values are below the CRQL.

Preplicate averages are not calculated due to problems related with data
quality.
--i A x rr J. .r *-.-..- r-t-V-avirIVe. C.V. - LUefILIUiIL U variation.
N-.C-.- not Calrulated.
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Table C-24. Background Statistics'--Contamination Indicator
Data for the Single-Shell Tanks Waste Management Area

Summary stat
replicate va

Parameter
U.

istics__calcAated frma only those samples that had
I ues.

'Background summary statistics for TOC were calcul
below CRQL.

Background summary statistics for TX are -not calculated due- to
problems related to data quality.

Excluding inconsistent pH replicate average,
collected on 7-/20/92 from well 2-W18-25.

*Excluding TOC
2-W18-25 due

6.822, of samples

results from samples collected on 4/21/92 from well
to laboratory Non-Conformance Report.

N.C. - not calculated.

C -rr

Cofstituent Units -Background Background -ak d
n average deviation C.V. (%)

Specific umhos/cm 8 239.562 29.216 12.20
conductance

Field PH 8 7.772 0.490 6.30
7* 7.909* 0.328* 4.15*

TOC ppb 7 500 N.C. N.C.

TOXU ppb N.C. N.C. N.C. N.C.

Note:

ated using values
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Westinghouse Hanford Company (cont.)

R. R. Thompson H6-32
E. C. Thornton H6-06
M. J. Van Vleet H6-31
R. K.-Welty -A1-i8
B. A. Williams H6-06
C. D. Wittreich H6-03
R-. F. Wood R4-01
J. F. Woods G4-04
M. T. York HG-32
Central Files L8-04
Document Processing

and Distribution (2) L8-15
EPIC (7) H6-08
Information Release
Administration H4-17
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